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Preface 


In the USSI^ In 1977-1978, manned flights were made on the 
iirbitaL5alyut-S and Soyuz compiexi these TlTgh^s Tasted 96 days 
(first main expedition; Commander CC-I Yu. V. Romanenko, flight 
engineer FE-I G.M. Grechko and 1^0 days (second main expedition; 
Commander CC-lIV.V, KovalSnok, flight engineer PE^l A.S. Ivanchenkov) . 
The main landmarks for each of these flights of unprecedented 
duration were the following; egress and work by the crews outside ? 
the orbital complex; Joint work during each flight with two visiting 
crews, and also the first main expedition from one to another^ 
with three transportation cargo spacecraft; fulfilling numerous 
scientific, scientific-technical, medlcal-blologlcal experiments 
and observations. 

During flight, the first main crew (MC-I) carried out Joint 
work with two visiting expeditions (VC-I and VC-II) : the first 

crew consisted of V.A. Dzhanbekov. and O.G. Makarov, the second 
comprised A, A. Gubarev and citizen of the Czechoslovakian SSR, 

V, Remek. The second main crew (MC-H) worked Jointly with two 
visiting International expeditions comprised of: P.I. Kllmuk 

and M. Germashevskly (Polish People's Republic), V.P. Bykovskiy 
and Z. Yen (German Democratic Republic). 

The basic medical tasks consisted of maintaining a good state 
of health and adequate work capability of the crews In flight. 

In the conduct of medical examinations, control of a complex of 
prophylactic measures In order to prevent the unfavorable effect 
of flight factors on the organism of Man and preparation of the 
basic crews for the effect of Earth's force of gravity. 

Medical examinations during the 96 and l40-day flights included 
the following: 

— electrocardiograph examination (12 ordinarily used points of 
contact); 

— the study of hemodynamics at rest and when carrying out 
functional tests with measured physical load and when applying 
negative pressure on the lower part of the body; 

—a study of the central and regional hemodynamics by a 
rheographlc method; 

—a study of pressure In the Jugular vein (phlebographlc method) 
and venous pressure In the blood vessels of the crus (plethysmo- 
graphlc method); 

— study of the phase structure of the cardiac cycle at rest 
and during functional load; 

— dynamic electrocardiograph study; 

— hematologic study (taking blood from the finger) and bio- 
chemical studl of the urine (using indicator strips); 


— the study of water salt exchange and sodium of the excretory 
function of the salivary glands; 

— study of the dynamics of body mass and the volume of the 
crura; 

—microbiological studies. 

In the postflight period, the studies were conducted with the 
following approach: 

— -an evaluation of the general state of the crew when ex- 
amined by clinical specialists; 

— study of the state of the cardiorespiratory system at rest 
and during functional tests; 

— study of the nerve and muscle apparatus and the motor sphere; 

— a broad spectrum of laboratory, biochemical, hematologic, 
immunologic and microbiologic studies; 

— study of the salt water exchange and functioning of the 
kidneys . 

The clinical and physiological examinations made it possible 

to evaluate the state of practically all systems of the organism, to 
make more precise the phenomonology developed during and after 
flight of changes of the basic functions of the organism and to 
provide an effective tactic for the regeneration measures in the 
readaptation period. In this respect, the basic results of the 
investigations made are presented ’in the following sections: 

1. Characteristics of conditions of flight in the orbital 
complex and the general condition of the cosmonauts. 


2 . 

3 . 

4 . 

studies 


Studies of the cardiovascular system. 

Study of the motor sphere and vestibular analyzer. 
Biochemical, hematologic, immunologic and biochemical 


5. Recovery measures in the readaptation period. 
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List of Abbreviations 


MC-I and MC-II — first and second main crews; 

CC — crew commander; 

PE — flight engineer; 

VC — visiting crew; 

BE — bicycle ergometer; 

CPT — complex physical trainer; 

PR — pulse rate; 

FCC — frequency of cardiac contraotlon; 

LBNP — negative pressure applied to the lower part of the body. 

Translator's note: The author's list of abbreviations seems inadequate. 

To assist the reader, I have tried to list all of the abbreviations 

by section. They appear in the approximate order in which they occur 

in the text . 

Part II : 

PAP — femoral artery pulse 

KCG — kinetic cardiogram 

TO — tacho-oscillogram 

PM — pressure markers 

IPB — index of pulse blood filling 

AC — asynchronous contraction 

IC — Isovolumetric contraction 

PE — period of ejection 

PD — protodiastoles 

RF — rapid filling 

SF — slow filling 

IR — isometric relaxation 

D — diastole 


ill 


SA — systoles of the auricle 

REG — rheoencephalop^ram 

RG — rheogram 

PG — pneumogram 

SCG — seismocardiogram 

PrD — protodiastole interval 

VP — voltage period 

St — total systole 

MS — mechanical systole 

VIM — voltage index of the myocardium 

l3I — intrasystolic index 

Vi — intraventricular pressure ^ ^ _ 

SV — stroke volume ^ 

RPBi/a — rate of propagation of the pulse wave along the aorta 
PP — pulse pressure 
S — systole 
T — full cardiac cycle 
MO — minute volume 

SPR — specific peripheral resistance 

MVC — minute volume of circulation - 

Del — dicrotic index 

VAP — venous arterial pulsogram 

PLC — plethysmc ram of the crus 

LV — left ventricle 

PB — pulse blood 

MB — minute blood 

AP — arterial pressure 

ESV — end systolic volume 


MPL — measured physical load 

EDV — end diastolic volume 

SE — stroke ejection 

DLA — diameter of the left auricle 

TMD — thickness of the myocardium 

SI — stress index 

Part III : 

BP — background period 
EMG — electromyogram 

EMEM — electromechanical effectiveness method 
: OCGB — overall center of gravity of the body 

Part IV ; - ^ 

NEPA — npnj^intensif led fatty acids 
LDH — lactate dehydrogenase 
MDH — malate dehydrogenase 
ICDH — isocitrate dehydrogenase 
- - OBDH — oxybutyrate dehydrogenase 
CPK — creatin phosphokinase 
ALT — alanine aminotransferase 
AlP — alkali phosphatase 
PG — prostaglandin 
TTK — thyreotroplc hormone 
3TH — somatropic hormone 
F — cortisol 

GET — coefficient of effective thyroxin 

AMP — adenosine monophosphate 

GMP — guaneslnemonophosphorlc acid 
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c — cyclic 

KS — ketosteroid 

SAS — sympato-adrenal system 

E — epinephrine 

NE — norepinephrine 

DA — dofamine 

DOPA — dihydroxyphenylalar me 
MN — metanephrine 
NMN — normetanephrine 
VAA — vanillyl-mandelic acid 
HVA — homovanillic 
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RESULTS OF MEDICAL STUDIES DURING LONG-TERM MANNED PLIGHTS ON THE 

ORBITAL SALYUT-6 AND SOYUZ COMPLEX 


A.D. Ysgorov, Compiler 
PART I 

CHARACTERISTICS OP FLIGHT CONDITIONS IN THE ORBITAL COMPLEX AND THE 

GENERAL STATE OF THE COSMONAUTS 

1.1. Environment of the Living Area and Sanitary and Hygienic Measure s /7 * 
In the 3alyut-b Orbital Statio n 

During the stay of the cosmonauts In the Salyut-6 orbital station, 
the parameters of barometric pressure were constantly controlled as 
well as the gaseous composition of the air medium and the micro- 
climate. Periodically a control test was made of the chemical compo- 
sition of the air for content of harmful admixtures and also the 
sanitary state of the life medium. Samples were sent to Earth 
with visiting expeditions for chemical and bacteriologlc analysis 
to be carried out In detailed laboratory studies. 

The sanitation and living provisions foi- the Salyut-6 orbital 
station were accomplished by taking measures directed at maintaining 
the "purity" in the rooms and also for satisfying conditions of 
personal hygiene of the cosmonauts. Here, a periodic cleaning of the 
rooms of the station was carried out using a vacuum cleaner and with 
obligatory processing of the Internal surfaces using a cloth 
moistened with a disinfecting substance. The products of the life 
activity of the cosmonauts (feces, urine) and also accumulated trash 
(food leftovers, packing from Instruments, food products, personal 
hygiene equipment, etc.) were collected into special hermetically 
sealed containers. The latter, periodically, as they accumulated, 
were removed from the spacecraft through a special lock chamber. 

After some time these containers entered the dense layers of Earth’s 
atmosphere where they burned up completely. 

During the stay of the second main crew, the volume of work 
directed at providing "purity" in tl.<; rooms of the station were 
Increased. Cleaning the rooms was done more frequently, on specially 
designated "sanitation days," when a large part of the internal 
surfaces of the station were subjected to this disinfecting treat- 
ment . 


Toothbrushes, toothpaste, masticatory elastics for treatment 
and prophylactic effect, a cloth made of antibacterial material, /8 

moistened with sanitizing lozenges were all used for oral 
hygiene. To clean their skin the cosmonauts used napkins and 


*Numbers in the margin Indicate pagination in the foreign text. 
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towels made of antibacterial cloth, dry and moistened with purifying 
lozenges. These articles v^ere used by the cosmonauts for moist 
wiping of the entire body after carrying out physical exercises. 

For ti.e first time on an orbital station, on the Salyut-6 an 
experimental system for water procedures was tested made In the form 
of a shower cabinet, a heating system and a water supply and also 
collection and subsequent storage of the water so used. The cosmo- 
nauts of the first main expedition used two shower procedures, and 
the second crew three procedures. During the water procedures, the 
main crews used cloths which had good cleaning and disinfecting 
properties . 

The gaseous medium In the living quarters of the orbital complex 
during the flights of the first and second main crews were similar 
to the parameters of Earth's atmosphere. The limits of variation 
of the main Indices of the medium In the living sections were: 

— total pressure 733 — 8^7 mm mercury column; 

— partial pressure of oxygen 158 — 229 mm mercury column; 

— partial pressure of carbon dioxide 1.23 — 7.^^ mm mercury column; 

— partial pressure of water vapor 7.0 — 16.^ mm mercury column; 

— air temperature 19.0 — 24.5° C. 

The sanitary and epidemiologic state of the living environment 
on the Salyut-6 orbital station during the stay of cosmonauts In it 
can be characterized as satisfactory. In the first place, this cir- 
cumstance Involves thorough cleaning by the cosmonauts according to 
the planned procedure o !* the rooms of the station using the disin- 
fecting equipment. 

It Is Just this cl x''cumstance which was the reason that the level /£ 
of tota± bacterial contamination of the air In the rooms of the orbital 
complex during the Svay of V.V. Kovalenok and A.S. Ivanchenkov was 
maintained pi Im'^rlxy wlthii: limits under 400 microbe cells per 1 m^ of air 
and the content of bacteria on the surface objects located in different 
areas of the station amounted to 250+100 microbe cells for 100 cm^ of 
surface. 

The microflora of the air and surfaces of the orbital station 
was primarily nonpathogenlc types of bacteria. 

The main section of microorganisms were staphylococci, 
bacteria, gram-positive spore bacilli. 

The fungus of the Aspergillus genus was found In single locations. 

The saprophytic character of representativss of microflora also 
attests to the fact that as a rule, the cultures of microorganisms 
studied are sensitive to most (17 out of 19) antibiotics. 






In the stay In the orbital complex the cosmonauts used a broad 
assortment of equipment for personal hygiene which made It possible 
to maintain the functional state of the akin and external mucous 
membranes within limits inherent for a ?iealthy person. 

One can also consider that the experimental system of taking 
showers used for the first time In the orbital Salyut-6 station was 
of definite value. The cosmonauts noted good hygienic effects after 
taking a shower. 

When using tlie shower procedure In weightlessness conditions 
the water, as a rule, tends to accumulate on the walls of the shower 
cabin, on the skin of the cosmonauts In the form of a layer which Is 
difficult to remove. This circumstance caused certain Inconveniences 
In using the experimental system for taking showers. 


1.2. The Radiation Circumstances and Dosimeter Control / 9a 

When flying the station on pilot, the following parameters 

for the radiation condition were controlled: the characteristics cf 

solar activity — the area and configuration of groups of spots, radio 
waves at fixed frequencies. X-ray radiation of the Sun, etc., density 
of the radiation flux close to Earth and In the upper atmosphere of 
Earth, the dosimetric characteristics on the complex, the state of 
the magnetic field of Earth. 

As a whole, there was no worsening of the radiation condition 
during flight of the complex. During the flight, 6 solar flares were 
recorded accompanied by fluxes of protons In the environs of Earth. 

In their characteristics, these events were of average Intensity, and 
did not pose a radiation danger for the crew. The strongest flare 
was noted on 9 / 23 / 78 . the density of the flux of protons as a maximum 
amounted to 2.2 • lOvcm^ • s • ster, the flux for the entire fxare 
Is evaluated at 2 • 10®/cm2. This flare produced In a short time an 
Increase In the power of the dose on the station. 

Dosimetric control on the orbital complex was accomplished by 
using two radiometers on the Salyut-6 station (In the working section) 
and one radiometer on the Soyuz transport spacecraft. 

Also In the set of Instruments there was Included a transfer 
dosimeter (PPD [perenosnoy dozlraetr, transfer dosimeter ZTD]), which 
made It possible to measure doses and power doses directly practical: y 
In any area In the complex. An Individual passive means of control 
was the thermal luminescence, small dimension assemblies (ID [In- / lO 

divldualnyy dozlmetr. Individual dosimeter, ID]) which recorded the 
contaminating component of space radiation (Table 6). Processing and 
taking a reading of the ID assemblies was d e after completion of 
flight. Table 1.1 shows certain characteristics of the equipment for 
doslm.eter control and Taole 1.2, the level of irrad5ation of the crew. 

The comparison of power of the doses of Irradiation In all crews / II 
Indicates tliat the radiation circumstance over a period of about a year 
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TABLE 1.1. CERTAIN CHARACTERISTICS OP THE EQUIPMENT FOR DOSIMETER 

CONTROL 


/lO 


Instrument 

Range of power Range of 

Precision Dimensions 

wt 

Type of 

of the doses, rads 

% 

mm^ 

H 

infor- 


rad/hr 




mation 

Radiometer 

0.00004-10 0,0125-400 

20 

2723cI242cI00 

2.3 

TM-sipial 

PTD 



Reading 


0.00003-100 0,01-1000 

20 

£28x68x23 

O,^ 

according 
to the 


\ 

\ 




instrument 

ID 

0, 0003-5* 10^ 0,05>-5* 10^ 

20 

65x47x13 

0,050 

Thermo - 
lumin- 


escence 


TABLE 1.2. LEVEL OF IRRADIATION OF THE CREWS OF THE COMPLEX 


_ Duration of work, 

days 


Dose, mbar 

Power of the dose 
mbar/ 24 hours 

R-15 

ID-3 

MC-I 

96 

2100 

3200 

22 ♦ 33 

VC-,^-I 

6 

150 

170 

25-28 

VC-T-II 

8 

190 

250 

24 - 31 

1 :-ii 

140 

2900 

5300 

20 - 37 

VC- I I- I 

8 

180 

320 

23 * 40 

VC-II-II 

8 

190 

380 

24 ^ 47 

Notation: 

MC-I and MC-I I are ' 

the first and second main crews; 


VC — is the 

visiting 

crew . 


remained 

practically 

unchanged 

. This applies to 

solar flares; for the 


entire period of operating the station with a manned procedure, only 
one flare on 9/23/78 resulted in a slight increase in the dosage on 
board the station (up to 100 mrad) which is explained by the average 
power of the flares and the screening effect of the geomagnetic 
field. 

The levels of irradiation (for the 1^0-day flight) had a maximum 
value of 5.8 bar, which, nevertheless, is significant iy smaller than 
the regulated allowable values. 


1.3. Feeding the Crew During Flight 


The food unit on the Salyut-6 orbital station included the 
following components: the food ration; containers for placing and 



storing products; a table for eating; electric heaters for 

food; equipment for eating (can openers, , spoons, forks); devices 
for fixing the products and means of taking the food at the table; 
a system for regenerating water from the condensates with a device 
for measuring hot water and injecting it into packets with dehydrated 
food; equipment for making up dehydrated Juices with cold water from 
containers and its storage. All of the components of the food link in 
the 96 -day flight of the first and l40-day flight of the second 
expeditions functioned normally. The food ration facilitated keeping 
the crews of the first two main expeditions healthy, with good work 
capability, and satisfied the food status. 

In the time which elapsed after flights of the Salyut-4 orbital 
station crews up to the flights of the orbital Salyut-5 and Salyut-6 
stations, the food link was significantly Improved. The calorie 
content of the food ration was Increased up to 3150 kcal (on the 
Salyut-4 it had been approximately ?900 kcal) which involves the 
expansion of the complex of physical trainers for the cosmonauts and / 12 
an Increase in its energy expenditure. 

The makeup of the average dally food ration was the following: 
proteins — 135 g, fats — 110 g, carbohydrates — 380 g, calcium — 0.8 g, 
phosphorus — 1.7 g, magnesium — 0.4 g, potassium — 3*0 g, sodium — 4.5 g 
and iron — 50 mg. Twice a day the crew members satisfied their vitamin 
requirements with a Undevlt multivitamin pill. The variety of products 
used in the rations has been significantly expanded (more than 60 
items Instead of the 44 used on the Salyut-4) which has made it pos- 
sible to make up a varied menu for a six day cycle. The following 
groups of products are in the food ration: meat — 25, first courses — 6, 

milk — 5, bread — 5, confections — 10, fruits. Juices — 12, hot drinks — 3, 
condiments — 2. The assortment of products preheated in the Improved 
electric warmer was Increased; they are packed in aluminum tubes, 
tin cans and film packages (the heater on the Salyut-4 heated only 
products in aluminum tubes). Due to the setup on board the station, 
the devices for regeneration of water from the condensate made it 
possible to include dehydrated snacks in the food ration, drinks 
reconstituted by applying the required hot water. Also, the assort- 
ment of fruit-berry and vegetable Juices was considerably expanded; 
these are reconstituted by adding the required amount of cold water 
using a special device mounted on the containers with the reserve 
supply of water. About half (34 items) of the products are eaten hot. 

Each time food is served it includes one to two hot dishes. The 
listed improvements have significantly decreased the feeling of boredom 
with the ration products; this has made it possible to recommend its 
use over the long term in comparison with the preceding flights. 

The requirements for food by the cosmonauts ■' the first ^maln / 13 

expedition of the Salyut-6 orbital station which .. .t.ced for 96 days 
was unequal; this was mainly due to the dlffere- ' level of physical 
load at different stages of the flight. In the -irst week of flight, 
during the adaptation to weightlessness, the requirement for food was 
at a level of 2300 kcal per day. Later on, in different flight, 
periods, the calorie content of the average daily ration varied from 
2400 to 3000 kcal. 
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Considering the desires of the crew, during the flighty in 
addition to the standard ration on the Soyuz-27 and Progress-1 
spacecraft, a fairly broad assortment of different products is 
supplied (fresh, dehydrated and canned). The cosmonauts expressed 
great satisfaction with the products supplied. On the 52nd day they 
reported that they were eating the food with an appetite. However, 
beginning on the 53r*d day, one noted a decrease in appetite which 
obviously was due to the "boredom” with canned products. 

The cosmonauts in the second main expedition of the Salyut-6 
station ate a corrected food ration. In this ration, enriched 
wheat broad was included and at dinner each day a second sublimation 
dried dish was included and a new assortment of products and dishes 
was introduced as substitutes for the basic products; also the 
assortment of fruit and berry Juices was expanded. Moreover, the 
Undevlt multivitamin complex was replaced by the Aerovit because the 
latter was more stable in storage. 

In addition to the standard onboard food ration, the crew on the 
second expedition, like the first, was served fresh products with 
limited storage time and certain dishes prepared by them from the 
standard ration — on the Soyuz-30 and Progress-2-4 spacecraft. / 14 

The cosmonauts of the second main expedition retained a good 
appetite throughout almost the entire flight. They required on the 
average a daily ration with the calorie content of about 3000 kcal. 

During the period when the visiting expedition was on board and 
when carrying out heavy work, the calorie content required was in- 
creased to 3100 kcal. 

The food ration was evaluated by the cosmonauts very positively 
although in taste qualities certain products and dishes received 
comments . 

In the second half of the flight the FE-II had a selectively 
decreased appetite. It did not finish eating all of the meat dishes, 
preferring not cheese. Juices and drinks to them. It was in this 
intermediate period that he underwent a fairly significant loss in 
weight . 

One should note that while the time for complfting physical 
exercises in both cosmonauts is approximately the same, the the 
intensity of load was considerably greater for the CC-II which 
undoubtedly played an important role both in maintaining physical 
status and in retaining good appetite. 


1.4. Water Supply for the Crews in Flight 

The water supply of the crews of the Salyut-6 complex, was based on 
reserve supplies of water and also on use of a system for regeneration 
of water from the condensate of the atmospneric moisture. 

As a result of the studies made for the crew of the Soyuz-Salyut 
complex, a total standard of water requirement was recommended at 
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28C0 ml, including 1700 ml of free drinking water, 800 ml of water 
for the food ration and 700 ml of water as metabolic. This quantity 
of liquid makes it possible to retain the water balance in the orga..lsm 
of man affected by .;he factors of space flight. 

The studie.^- made under conditions of automatic and complex testing 
of water supply systems showed that the method of storage of the water 
with ionic silver in a dose of 0.2 mg/1 provided full retention of / 15 

the sanitary and hygienic indices of water within the limits of time 
period envisaged in the flight program. 

The use of the method developed for storing drinking water with 
the introduction of an electrolytic solution of ionic silver in a 
concentration of 0.2 mg/1 made it possible to retain high hygienic 
properties of the water in the water supply system for the orbital 
complex for the entire flight period of the I and II expeditions on 
the Salyut-6 station. Supplying the cosmonauts with drinking water 
from the regeneration system made it possible to provide them with 
hot drinks, tea, coffee and heated dishes from the food ration. 

The SRV-K [Sistema regeneratsii vodoy, korabl. Water regeneration 
system, spacecraft, WRS-S] system, includes in it a block of columns 
for purifying atmospheric moisture from the condensate (BKO [Blok 
kolonok ochistki. Block of purification columns, BPC]) intended for 
purifying the organic and inorganic foreign bodies from, it; the block 
for conditioning the water designed for decontamination and artificial 
mlneralizatior. of. the regenerated water; the drinking water con- 
tainer; the c.>ntalner for industrial water; the block for delivering 
and heating the water. The block of purification columns (BPC) con- 
sists of 5 cylindrical columns with a volume of 1.5 !L each- The 
first 2 columns are filled with a mixed effect filter, the third, 
fourth and fifth columns are filled with activated carbon. At the 
input to the system, in the first column of the BPC, a chamber for 
disinfection is located containing a layer of a granulated sterilizing 
agent . 

The level of requirement for fluid varied and on the average 
amounted to 1.2 — l.i< H for the MC-I and 1 . '4 — 1.7 a for the MC-II. 


1. 5. The Work and Rest Regime in Flight / 16 


The work capability of the cosmonauts in long term flights 
mainly is determined by the work and rest regime, the eiflciency of 
setting up the cycle of "sleep-wakefullness . " A breakdown in this 
cycle and degeneration of the usual system of time sensors are factors 
in the development of a primarily caused phase disagreement in cir- 
cadian (around the clock) rhythms of the organism, a primary desynchroni- 
zation. The unusual 2^ hour routine used in a number of space flights 
was an unquestionable factor in desynchronization of the 24 hour rhythm. 

A previous work and rest program for the cosmonauts often was con- 
structed in such a way that their sleep was combined with periods of 
flight outside the zone of radio contact, that is, v^rith "dead turns. 

The latter, due to precession of the orbit, did not occupy a constant 
position on the scale of Moscow time and varied from it from day to 
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day. Thus, during the flight of the orbital Salyut-4 station, the 
cosmonauts lived according to a graph of migrating days. 

The first and second main crews of the orbital Salyut-6 and 
Soyuz complex, with their record flights lasting 96 and l40 days, 
used a work and rest regime which took into consideration the cir- 
cadian rhythm of man's organism. The greatest advantage of this 
regime was the absence of migration of the "sleep-wakefullness" 
cycle phases along the time axis from day to day. Except for special 


cases , 
Moscow 

the periods of sleep coincided with 
time. 

the nocturnal hours 

Several variations of typical 24-hour 
The indices of the day's routine follow: 

detailed plans were 

1 

Arise 

8.00 

2 

Test of the station 

8.00—8.20 

3 

Morning toilet 

8.20—9.00 

4 

Breakfast 

9.00—9.40 

5 

Work 

9.40—12.00 

6 

Physical exercise 

12.00—13.00 

7 

Free time 

13.00—13.20 

8 

Work 

13.20—14.20 

9 

Dinner 

14.20—15.00 

10 

Free time 

15.00—16.00 

11 

Work 

16 . 00 — 17.30 

12 

"Tea" 

17 . 30 — 18.00 

13 

Work 

18 . 00 — 19.00 

14 

Physical exercises 

19 . 00 — 20.00 

15 

Supper 

20 . 00 — 20.30 

16 

Free time 

20 . 30 — 23.00 

17 

Sleep 

23 . 00 — 8.00 


According to a typical routine for a day in different types of 
activity the following total 2H hour expenditure of time was planned 
(on the average): 

1 Sleep — 9 hours 00 minutes. 

2 Morning tollet--0 hours 40 minutes. 

3 Physical excercises — 2 hours 30 minutes. 

4 Meals — 2 nours 20 minutes. 

5 Free time — 2 hours 00 minutes — 2 hours 30 minutes. 

6 Communication and dally operations — 3 hours 00 minutes. 

7 Experiments and basic operations — about 5 hours 00 minutes. 


8 


The total time of items (6) and (7) amounted to about 8 hours 
out of 24. 

The members of the first main crew, during the first month of 
flight after 6 days of work had a day of rest. During the second and 
third months of flight a 6 day cycle was used: there was one day of 
rest after 5 days of work. The members of the second main crew, 
after 5 working days had 2 days off (Saturday and Sunday) and the 
first of these was used for sanitation measures. Thus, for the 
second main crew the rhythm of life was synchronized with the ground 
sensors for time not only within the fremework of 24 hours but also 
on the time scale. 

During the flights, specialists in the ground service made an 
analysis of the crew’s work and rest regime. Basically the data on 
work capability of crew members, the actual duration of working time 
and sleep was a subjective analysis of the cosmonauts, transmitted 
every 24 hours to the appropriate medical supervision post. This 
Information significantly adds to the data of radio conversations 
and to televised observations. 

The most important results of using an optimum work and rest 
regime in flights was retention of work capability of the cosmonauts 
at a level adequate for completing the planned programs. The work 
capability of the cosmonauts of the first main crew of the orbital 
Salyut-6 and Soyuz complex, in their self evaluation, in the first 
two months of flight was maintained at a high level. In the third 
month of flight, chey began to evaluate it as satisfactory. During 
the third month of flight, fatigue was apparent not only at the 
end of the working day but also in the first half of the day. 

The work capability of the cosmonauts of the second main crew 
of the orbital Salyut-6 and Soyuz complex was, as a rule, good 
during the course of the entire flight. The fatigue apparent • 
at the end of the working day was eliminated by a nights sleep. 

The following is evidence of maintenence of work capability 
at a fairly high level in both crews: 

1. Completing the standard program completely. 

2. A number of cases of fulfillment of the planned volume of 
work ahead of time. 

3. Initiated conduct of different additional work, observations 
and experiments. 

The flight engineer of the second crew particularly noted 
the value of the correct work and rest regime for maintaining high 
work capability. "Our work capability is good when there is rest and 
the routine of the day is maintained. We work well with enthusiasm, 
Joy and with satisfaction." 

The following are positive moments in planning and carrying out 
the work and rest routine: 


9 






1. The high level of social motivation of the cosmonauts. 

2. The report by the crew of the results of the experiments 

made. 

3. Participation of the crews in planning flight programs, _ 
advance, discussion with the cosmonauts on the plan for the prospective 
work. 


Measures of the group for psychological maintenance to get 
the full value of service from the crews. 

5. The positive relationship of the cosmonauts to the routine 
based on the 2^-hour graph tying the periods of sleep to the nocturnal 
hours of Moscow time. 

6. The understanding of the flight director of the significance 
of medical recommendations in operative correciion of the work and 
rest routine. 

Moreover, during both expeditions, the circumstance was apparent 
that a decrease in work capability in the cosmonauts occurred in 
different degrees. Some of these factors are: 

1. Accumulation of fatigue due to the long duration of the 
expedition. 

2. The large load of the daily and multiday work cycle at 

certain stages of flight: preparation and accomplishment of "Take- 

off," docking, undocking, resumption of operations, work with the 
visiting crews. 

3. The characteristics of primary adaptive reactions to weight- 
lessness. 

4. The monotony of certain types of standard activities. 

5. The episodically planned shifts in the "sleep-waking" cycle, 
disturbance in the continuity of nocturnal sleep periods. (In view 

of the clearly negative effect of changes in sleep-wakefullness on / 20 

the general condition of work capability of members of the crew, this 
question will be considered separately later on). 

As was pointed out above, the total duration of the work time was 
put together with time taken for daily operations (about 3 hours) and 
the time in the basic working zone. During the first expedition, the 
duration of the basic working zone nominally was assumed to be 5 hours. 

Due to symptoms of an accumulation of fatigue, noted in members of the 
first main crew, on recommendation of the group of medical supply, 
three weeks before the end of the flight total working time of the 
crew was decreased for 8 to 5.5 hours per day. 

When the second main expedition crew was operating, the time of 
dally operations remained unchanged but the basic working period was 
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planned, starting nominally at 4 hours 40 minutes. 

The reasons for exceeding the planned duration of basic operations 
and also the reasons for episodes with lack of time for both ex- 
peditions were: 

1. Giving assistance in carrying out the program of the visiting 
crew, who were going through a stage of adaptation to weightlessness. 

2. Emotional saturation with the situation when working with 
the visiting crews. 

3. Carrying out initiated work not envisaged in the detailed 
p] ans . 

4. Nonstandard working routines of separate systems. 

5. The absence of documentation on.board necessary for certain 
operations . 

6. Sending from group control a large number of recommendations 
without calculating the time necessary for realizing them. 

The lack of time was particularly marked in the period of Joint 
operations with the visiting crews. Then, the crew members had to 
use working time set aside in the plan for physical exercise, eating / 21 
and sleeping. 

An important question in constructing the work and rest routine 
for space flights is regulation of the intervals between separate 
elements of the routine. For the expeditions on the Salyut-6 it was 
assumed, in particular that the following ax-e nominal. A break between 
two sequential meals should be at least 3 hours and no more than 6 
hours. Physical exercises are carried out no sooner than 1 hour and 
30 minutes after eating (2 hours after dinner) and noi later than 
1 hour before sleep. The Interval between physical exercises should 
be at least 3 hours. A single shift in time from beginning to end 
of sleep should be + 1 hour. 

Nevertheless, when carrying out the first and second basic 
expeditions, several times there were planned significant (up to 5 
hours or more) shifts in the "sleep-waking” cycle phase and a 
disturbance in the continuity of nocturnal sleep. These episodic changes 
in the routine were caused by necessity to conduct different types of 
work in different time periods. The ballistic characteristics of 
orbital flight require, in particular, nocturnal operations for 
launch, docking, going out into space, etc. 

The first main crew fairly strictly used the time designated 
for nocturnal sleep. The time of initiated observations of meteoro- 
logical phenomena (silver clouds, etc.) sometimes coincided with 
periods set aside on the cyclogram for conducting physical exercises, 
eating, sleeping and preparing for the conduct of basic operations. 
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The members of the second main crew of the orbital Salyut-6 and 
Soyuz complex, in the first 30 — ^40 days of flight, noted sleep 
disturbances persisting in the crew commander sometimes shortening 
his sleep to 5 hours. Sleep disturbances had an individual character. 

The commander complained of early wakening and impossibility of 

falling asleep again after this. The flight engineer noted difficulty / 22 

in falling asleep. 

Later on, thanks to systematic use of the correct work and rest 
routine during the flight after the 30 — 40 days, sleep disturbances 
were singular. 

Fulfillment of the work and rest routine by the second main 
crew was unorthodox. The cosmonauts showed a tendency, within known 
limits, to Independently manipulate the time resources. Instead of 
the planned eating 4 times in 24 hours, the crew used a 3 times 
schedule. Sometimes, they did not fulfill the planned physical 
exercises, particularly on Sundays. However, the crew did not permit 
great disturbances in the work and rest routine. During the entire 
flight, the cosmonauts retained an arrangement correct as a whole for 
observation of the unit moments of work and rest routine. 

In order to retain good health and maintain high work capability, 
the cosmonauts for- practical realization of the principles which 
applly to modern biorhythmologic science, during the flights of 
the main crews on the Salyut-6 station, constantly analyzed the 
completion of the work and rest routine by the crews and when 
necessary, made operative corrections in the work and rest routine 
of the cosmonauts. Most of the recommendations were directed at 
excluding shifts in the 24 hour rhythm phase of "sleep-wakefullness" 
and in prevention of negative results from these shifts dictated 
by necessity. Completion by the cosmonauts of these recommendations 
and proposals made it possible with great effectiveness to use the 
advantages of the work and rest routine based on the 24-hour graph. 


1.6. Prophylactic Methods 


The complex of prophylactic measures recommended by the MC-II 
included a number of procedures and methods directea at correcting 
disturbances in different units of the cardiovascular and motor systems. 

Here are some of the measures: 

— a flight load suit, which, to a certain degree, compensates for / 23 
the lack of gravitational load on the skeletal and ligament apparatuses; 

— the application of negative pressure on the lower half of the 
body (LBNP), which simulates the reactions of the cardiovascular 
system close to that which occurs in a vertical position; 

— a complex of physical exercises which in a measured way load 
the motor apparatus of the cardiovascu] ar system and which provide a 
whole series of prophylactic effects enumerated above; 
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— the use of water-soft additives on the day of completion of 
flight; 

— putting on before launch and wearing after flight the pro- 
phylactic G suits. 

The complex of physical exercises recommended by the MC-II 
Included exercises on the bicycle ergometer which has 5 degrees of 
load, from 750 to 1200 kmg/min at 60 revolutions of the pedal (with 
an increase in the frequency of revolutions, the load can be in- 
creased to 2000 kgm/min) and walking and running on the ••tread- 
mill," The rate and intensity of locomotion (including the motor, 
without the motor) were determined by the program of the trainer. 

The program for exercise was set up on a cyclic principle, 3 days of 
exercises, the fourth day active rest and the training unit set up 
for strength and speed properties of the muscle system and its en- 
durance. In the routine for the crew, exercises twice a day are 
planned, morning ard evening, lasting for abou^ • hour (1 hour 10 
minutes to 1 hour 30 minutes each). 

During training the intensity of load was Judged basically by 
the verbal response of the crew, as to the time of exercise on the 
bicycle ergometer (BE) and the -'treadmill" (CPT) and the pulse 
rate (PR) at the end of each of these. On certain selected days 
(on days 28, 29, 60, 6l, 62 ) for objective control of exercise on 
the training unit, a recording was made on the memory device (ZU 
[zapominayushcheye ustroystvo, memory device, MD]), the pulse rate 
and operating regimes of the training unit with subsequent trans- 
mission of the data to Earth. Besides this, the effectiveness of 
the training was Judged according to physiological indices: 
increase in pulse rate when taking functional tests on the BE, / 2H 

dynamic changes in mass and the volumes of the crura. 

The MC-II entered the physical training program on the fifth day 
of flight after the acute period of adaptation had subsided and the 
operating procedures for the station had been established. For the 
first 4 days the cosmonauts worked on the bicycle ergometer for 
1 hour per day and then as they adapted to the unusual conditions 
began the training program on both trainers (twice a day). Later 
on, the physical training was a hard-and-fast element in the routine 
for the crew. At their request, the length of physical training was 
Increased to 1 hour 20 — 30 minutes each. Having increased the 
limbering up time to 20 — 30 minutes and included a recovery period 
in the interval of physical training, the cosmonauts, in addition, 
intensified the exercises. The PR after completion of the exercises 
was maintained at a high level by the CC-II for the entire extent of 
the flight except of the first — second and seventh — eighth weeks 
(125 — l40 or more beats per minute). In the PE-II, the PR at the 
end of the exercises for the entire extent of the expedition was some- 
what lower and amounted on the average to 115 — 130 beats per minute. 

The changes in PR in separate training programs in both cosmonauts 
varied within large limits, reaching in the CC-II values at 150 — 170 
and even l80 beats per minute; in the FE-II, 120 — l4o and even 
occasionally l60 beats per minute. Recording of the PR and the routines 
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showed thac on the twenty eighth day the CC-II worked on the BE with 
an intensity significantly exceeding that planned; the total work 
reached 5620 watt minutes. 

On the sixtieth day of flight, the CC-II worked on the BE for 
86 minutes, and the total work amounted then to 10716 watt minutes, 
and the PR did not exceed 168 beats/minute (in the first test for 
half of the wopk it reached l80 beats/minute). In the PE-II on 
the twenty-eighth day, the total work was 3760 watt units. On the 
sixtieth day, the FE-II worked on the "treadmill." In 56 minutes 

of running with breaks he covered a distance of about 3 km. The 
average speed of the run was 7 — 9 km/hr. The pulse rate then did / 26 

not exceed 104 beats/min. 


TABLE 1 PROPHYLACTIC MEASURES 

— The physical training exercises on the bicycle ergometer and / 25 
the treadmill; 

Respectively, for tlie CC-II and FE-II, on the average for 
10 days of flight the exercises for CPT amounted to 18 — 51 and 23 — 42 
min, on the bicycle ergometer 24 — 44 and 26 — 45 min, the total was 
42—87 and 51—82 min; 

Wearing the load "penguin" suits (12 — l6 hr per 24 hours); 

Training with application of negative pressure on the lower 
part of the body (at the end of flight according to a special system); 

The use of water-soft additives (on the day of completion 
of flight); 

The use postflight of prophylactic G suits; 

— Psychological support and organization of leisure (radio 
meeting with interesting people, family, musical accompaniment to 
radio broadcasts and sessions, etc.). 


In spite of the similarity of recommendations and actual programs / 26 
for training, their volume, intensity, the approach used in selection 
of exercise, in members of the MS-II they varied considerably. The 
CC-II paid particular attention to the state of the; muscle apparatus, 
primarily using exercises to strengthen and reinforce the muscle mass 
in his opinion. A significant time in the training vras devoted to 
strength exercises with expanders and rubber exercise bands attached 
to the knobs of the BE attached to the CPT in such a way that using 
them can produce long term stress on separate muscle groups. These 
exercises the CC-II fulfilled several times a day. In his words, 
the total duration of "strength" training dally was 30 or more minutes 
for him. In the standard exercises on the BE and CPT, the CC-II 
worked Intensely with large loads, with special methods Increasing 
the load properties of the trainer (walking with the motor off, 
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walking with the heels forward [?, word almost illegible in original 
text], etc.). In the PE-II, the volume of the load and intensity 
of training was noticeably less; he devoted considerably less time 
to exercising with the expanders and the rubber exercisors. In 
thii plan, an exception was the period of preparations for work 
operations in open space when both members of the crew, on recommen- 
dations of the specialists, included in the training complex forced 
exercises -for the hands with the expanders and rubber exercise 
bands in order to improve their static and strength endurance 
necessary for completing the work outside the station. On the average 
they devoted about 20 minutes to these exercises done during the 
training routine and also in free tJ.me. 

Another prophylactic method which was actively used in the MC-II 
flight was the flight load Penguin suit which the cosmonauts wore 
l6 hours a day, that is, practically for a?.l their waking time. 

In the last stage of the flight, for prophylaxis of hemodynamic / 27 
disorders, training was used with the effect of LBNP. The physiological 
effects caused by the LBNP resulted in redistribution of blood with 
an increase of load to parts of the body in the decompression zone. 

During the flight, the MC-I conducted exercises with the LBNP 
effect cyclically, for 1.5 hours on the five- successive days. 

CTable l^i). 


TABLE 14 THE SYSTEM AND ROUTINE INCLUDING THE FIFTH DAY TRAINING 

WITH THE EFFECTS OF LBNP 


Training 

cycle 



Training time 

Training 

Cycles used 


5 

10 

15 

20 

25 

30 


1st 

15 

20 

25 

15 

25 

15 

1st 

1st, 

2nd 



2nd 

20 

25 

30 

20 

30 

20 

2nd 

1st, 

2nd, 

3rd 


3rd 

25 

30 

35 

25 

35 

25 

3rd 

1st, 

3rd, 

4th 


4th 

30 

35 

40 

30 

40 

30 

4th 

2nd, 

3rd, 

4th 


5th 

35 

40 

45 

35 

45 

35 

5th 

2nd, 

4th, 

5th 



Then, 5 typical cycles of training exercises were used consisting of 
six 5-minute Intervals with varying degrees of decompression. 

During the l40-day flight, training with LBNP was conducted in 
two stages. In the first stage of training (lasting up to 20 
minutes) they began using, l8 days before completion of flight, every 
fourth day a day of active rest with the cycle of physical exercises 
according to the following system: 

— for day l8 -10, -3 5, -- 25 , -35 mm mercury column 

for day l4 -15, -25, -35, -40 mm mercury column 
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— for day 10 

— for day 6 


- 25 , -35, -^0, -^15 mm mercury column 
-25* -35, -^0, -^5 mm mercury column 


The effectiveness of the training process was controlled according 
to the EKG indices, arterial pressure and the phlebograms. 

In the second stage, LBNP training was done every 2 days for / 28 

55 minutes (once a day) according to the following system: 

- 25 , -30, -35, -^0 mm mercury column for 5 minutes, and then 

-25, -35, -^5 mir* niercury colum for 10 minutes and -30 mm mercury 
column — for 5 minutes. 

The cosmonauts for the entire extent of the effect of LP’TP 
remained feeling well. According to the telemetric information data 
on chai.ges of the cardiovascular system, the loads assumed were 
adequate . 

The prophylactic measures used during the l^O-day flight were 
fairly effective. With an Increase in length of flight, members of 
the crew increased the volume and Intensity of physical training; i^he 
PR then not only did not Increase out even decreased (see the recording 
data for the MD on the 28th and 5 th days of flight). Similar results 
were obtained in tests with physical load on the BE, conducted on the 
4lst and 63rd days of flight. On day 72, the CC-II, upon request by 
the specialists, demonstrated on television exercises on the OPT. 
r ring 10 minutes, the cosmonaut ran with the motor switched on 
(rate about 1^0 steps per minute, speed 9 km/hr, ran with the motor 
switched on, did Jumps and squats. The motions were made easily 
v'ithout stress; during the running, the CC-II easily changed to 
jumping on one foot, holding the other leg behind him with his hands; 
also, he completed 10 squats at a rate of one squat every 1.5 seconds. 

The single difference in motion in weightlessness was the inadequate 
accent of the rear kick (in running) and the difficulty in getting 
up from a deep squatting position (in the squats). The body mass 
underwent considerably less change in this flight than in other 
expeditions . 

The data of post flight examinations which showed adequately 
high orthostatic stability in both cosmonauts and a low amount 
of dysfunction of the muscular periphery are all evidence of the 
high results of the prophylactic measures (see Section: Study of 

the Motor Apparatus). 


1 .7. General Condition of the Cosmonauts / 29 


The transition to weightlessness was accompani-d in almost all 
6 crew members (2 MC and ^ VC) by the development of a feeling of 
congestion of blood in the head and stuffiness in the nose, puffiness 
of tissue of the face. In some of the cosmonauts in this period, a 
short term spatial illusion occurred, e decrease in appetite, and 
also a feeling of discomfort Increasing with movements of the head 
and trunk. The degree of the reactions de.^crit 1 was individual and 
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in certain of the cosmonauts there was vomiting occurring after eating. 
Usually, the vegetative disturbances disappeared during the fourth 
day. In the MC-I, no vestibular vegetative reactions were detected, 
the feeling of congestion of blood in the head and stuffiness in th(j 
nose was only slight (days 1--6). The fe^^^lng of blood congestion In 
the head although it levelled off at the end of the first week of 
flight, nevertheless, as happened to the MC-I, was noted in de- 
creased form for the entire extent of the flight and Increased at 
the end of physical work, with fatigue, and also caused a need 
for a large quantity of fluid. The fatigue which developed during 
the working day usually was completely cured by a night’s sleep. 

During the flights, slight illnesses and poor health occurred. In 
the 96 -day flight, in one of the cosmonauts on the 50th day, poor 
health was noted, diagnosed as a cold which was treated with the first 

aid kit on board. In this same flight, in the third month, the 

appearance of headaches in both cosmonauts was noted as well as an 

unpleasant sensation in the region of the heart in the FE-T which 
involved lack of sleep. Finally, in the 96-day flight, problems with 
the teeth also arose. 

In the l40-day flight, the CC-II on the 21st day developed paronychia 
of the middle finger of the left hand after caking a blood sample. 

The treatment was with antibiotics, sulfamldes and locally syntazol 
ointment. On the 49th day of flight, the CC-II reported the occur- 
rence of brief unpleasant sensations in the region of the heart, / 30 

without irradiation, which disappeared independently and were not 
repeated. In the FE-II, retrospectively left sided otitis was diag- 
nosed in the middle ear with symptoms of pain in the ear on day 112 
of flight. For treatment an alcohol warm compress was used. 

Also small everyday injuries occurred in the form of bruises of 
the fingernail phalanx of the right thumb in the FE-II on the 39th day 
and a bruise of the left talocrural vessel in the CC-II on the 4jth 
day of flight which were received when working on the bicycle ergo- 
meter. Treatment was not required. In both cosmonauts of the MC-II 
on the 29 th, 39 th and 53rd days of flight, there were headaches 
involving, in their opinion, an increase in CO 2 in the atmosphere 
above 5 mm mercury column (up to 6 — 7 mercury column). Due to this, in 
the future an increase in content of CO 2 above 5 mm mercury column 
was not permitted in the atmosphere. 

In the l40-day flight, mainly in the FE-II, one observed a 
periodic selective decrease in appetite for certain products. 

The sleep of the MC-I, as a , was good* they fell asleep 
rapidly and sometimes dreamed. The duration of sleep in the MC-I 
on the average was 7.5 — 8.0 hours. However, with Joint operation 
with the VC and when carrying out initiated work, the sleep time 
was shortened. During the l40-day flight, the characteristics of 
sleep showed earlier wakening by the CC-II (particularly at the 
beginning of flight) with subsequent difficulty ir falling asleep 
and late falling asleep by the FE-II. In genera.. . these charac- 
teristics of sleep aggravated in flight had occurred on Earth and 
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had practically no effect on work capability. On the average, the 
duration of sleep in the first 7 weeks of flight amounted to; for 
the CC-II, — 6 hours, for the FE-II, 8 hours. Later on, one noted 
a tendency toward normalization of sleep and longer sleep for the 
CC-II. However, the CC-II sometimes continued to wake up early. 

As a soporific, the CC-II several times took eunoktin (it caused 
headaches and a feeling of poor health) and also the tranquilizer 
phenibut . 

During Ion : -term flights, significant changes in the nervous 
and psychologic. 1 sphere did not occur. However, in certain periods 
of the flight, one observed symptoms of asthenia (fatigue at the end 
of the working day, drowsiness, the "perfoi’mance effect" of lack of 
sleep and rare emotional flare ups at imprecise types of transmission 
of information), which was somewhat more marked in the MC-I. After 
landing (in the landing area) the cosmonauts noticed weakness, 
fatigue, a feel of Increased weight of the body and the environmental 
objects, a gravitational shift in the Internal organs in the direc- 
tion of the gravitation vector and vertigo. With sharp movements of 
the head in the CC-II and PE-II, during evacuation from the landing 
area, a feeling of vestibular discomfort occurred. 

During examination immediately after flight, paleness of t: t; 
skin was noted and puffiness of the face, limitation in the loco- 
motor function, a decrease in orthostatic stability (in 'he MC 
commander after 2 — 3 minutes of remaining in a vertical position 
a precollapse state developed). The Inflated G-suit had an adeqi e 
protective effect on the day of landing. 

Later on, the condition of the crew progressively improved and 
motor activity expanded. Thus, even in the first days after the 
1^0-day flight (that is, after a night’s sleep) the phenomena of 
vestibular discomfort disappeared in the CC-II, walking became more 
stable and the crew independently went to meet the director. 
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PART II 


STUDY OF THE CARDIOVASCULAR SYSTEM 

Studies of the central and peripheral hemodynamics was first be- /33 
gun during flights on the mai;ned flight propram on the Salyut orbital 
stations. During manned flights according to the Salyut-6 and Soyuz 
orbital complex program, the studies of hemodynamics were continued. 

Here, foi* correlation of the results, both methods used earlier 
(measurements of arterial pressure with a tacho-oscillograph method, 
studies of the phase structure of the cardiac cycle according to a 
kinetic -cardiogram, determination of venous pressure in the Jugular 
vein, etc.) and a number of new methods were useu. In the first place, 
this is a method of tetrapolar rheography which makes It possible to 
obtain indices which characterize the pulse blood filling of the head 
and extremeties, and also to determine (by a calculation method) the 
cardiac oi.tput. Also a method of occlusive- plethysmography was used 
for determining the volume of blood flow an^: venous pressure in the 
region of the crus . X 

The studies were conducted prefli^ht, in-flight and postflight 
at rest and also using functional tfi.sts '^a v.est with physical load 
and LBNP). Also in-flight studies were mad^ of the bloelectrical 
activity of the myocardium at the 12 scandard contact points and a 
dynamic (continuous recording for 2k hours) elk ctrocardiograph . Be- 
sides the traditional methods, preflight arid postflight, an echocardio- 
graphic method was used. 

2.1. A Study of Hemodynamics and the Phase Structure of the Cardiac -.'3^1 


Cycle in Flight at Rest and when Fulfilling Functional Tests. 


2.1.1. Method . 

Medical studies under conditions of orbital flight were accomplished 
using the Polinom, the Rheograph-2 and the Beta equipment. 

The Polinom instrument is a polygranh with a set of indicators 
representing three programs. 

The first program was used for electrocardiographic examination 
of the twelve standard contact points. 

The second program is designed for studying the phase structure 
of the cardiac cycle and hemodynamics with recording of the femoral 
artery pulse (FA^), kinetic cardiograms (KCG), tacho-oscillograms (TO) 
with pressure markers in the compression cuff (PM). 

The third program makes it possible to conduct mechanoplethysrno- 
graphlc and complex sphygmographlc studies with recording of electro- 
cardiograms at two standard contact points, mechanoplethysmograms of 
the crus with compression of the vessels of the femur, a sphygmogi’am 
of . e caiotid and radial arteries, and also a phlebogram of the right 
jugular vein. 
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The Rheograph-2 I neilrument; Is construct ed on a tetnapolar prin- 
ciple. The peculiarity of this rheopraph is that it is possible to 
record a rtieographic curve, whose amplitude (Ax) reflects the value 
of the alternating component of impedance (AR) and a calibrated sig- 
nal tK), proportional to tiie value of the constant component of the 
impedance (R). In accordance with this set of instruments, determina- 
tion of the indices of pulse blood filling of the regional vessels 
(PPK [pokasatel* pul'sovogo krovenapolneniya , index of pulse blood 

filling, IPP] = is done by finding the value of the ratio of 

amplitude of the rheogram to the calibration signal • const.); 

(the value const depends on the area studied and for the rheogram of 
the torso amounts to 30 * 10 “**; for the rheogram of the forearm, the 
crus and head 10*10-'*). 

Establishment of the necessary amplitude and range of measure- 
ments is done by changing the position of the switch /3*3 

for operating regimes of the instrument. For changing the designated 
I'anges ahead of time, multiple studies were conducted on a sirmlatoi’ 
of a tetrapolar rheograph similar to the design but with the iifference 
that regulation of amplification and measurement of constant and 
variable components of lirpedani^e is done according to the standard 

method. The data obtained on the ranges of values of R and ^ for 

different areas was applied to the system of the Instrument. The in- 
sti-ument has t\^^o functional chatmels and this makes it possible to 
record a rheogram of the torso, the forearm and crus (simultaneously), 
the right and left hemispheres of the brain (simultaneously ) . 


The P'etct instrument makes it possible to record an electrocardl o- 
gram using a renal system of fixing the electrodes and sensors at the 
Dd contact point, a pneumograv.i by means of an angular tubular sensor 
placed above the epigastral I’egioti, a seismoeardiogram in the I’eglon 
of tlu' c.pex beat. 


Tn-fllght studies include an analysis and evaluation of the fol- 
low 1 ng : 


— frequency and i*hythm of cardiac contractions ; 

— e 1 oetrocardiograms at IP contact points; 

— pliase structure of the c'ardiac cycle; 

— arterial pressure; 

— a rheogram of the :*eglon of the brain, cr-us ana forearm; 

— the sti’oke volume of the lieart and the minute volume v’lf blood 
c 1 rcul at itm ; 


— the rate of expansion of the pulse wave along the aorta; 


PO 


— the volume rate of arterial blood flow, the expandability and 
contractability of veins and venous pressure of the c~"is; 

venous pressure in the Jugular veins; 

— indices of pulmonary ventilation. 

Studies at rest were made both when conducting special experi- 
ments (electrocardiographic, rheographic and mechanoplethysmographic 
studies) and when recording indices in the initial state before making /36 
functional tests. In a number of cases studies were made in conditions 
of the basic volume immediately after waking on an empty stomach. Then 
the second program of the Polinom apparatus was used with recording of 
the indices listed above for hemodynamics. The number and time periods 
of the tests are presented in Table 1. 

The rhythm of cardiac contractions was determined according to an 
electrocardiogram (EKG). In the sections for removal and launch of 
the transport spacecraft, during travel, with functional tests, the 
DS contact point was recorded (with fixing of the active electrodes 
using a zonal system on the right and left side of the thoracic cage 
along the main axillary line at the level of the fifth intercostal) . 

In certain cases, the frequency of cardiac contractions was counted 
according to a rheogram, a tacho-oscillogram or a kinetic cardiogram. 

The phase structure of the cardiac structure was determined by a 
method of kinetic cardiography [I], based on recording the biomechan- 
ical shifts of tli^ precardiac zone of the chest cage, which occur as 
a result of changes in shape, dimensions of the heart and different 
motions of it in the chest cage during the cardiac, cycle. The analysis 
was confirmed by amplitude phase characteristics of the rate curve of 
vibrations in the range of low frequency. For evaluating the left 
ventricle, a KCG sensor was fixed in the region of the apex beat; for 
evaluating the right, in the IV intercostal to the right of the para- 
sternal line. Measurement of the intervals betv/een characteristic 
beats on the KCG curves made it possible to determine' the phase of 
the full cardiac cycle (Figure 1): asynchronous contraction (AC) 

(transformation), isovolumetrlc contraction (IC); the period of e- 
Jectlon (PE) of the blood by the ventricles; protodiastoles (PD); 
rapid (RF) and slow (SF) filling, isometric relaxation (IR); common 
diastoles (D) and systoles of the auricle (SA). 

Symbols for the Drawing Entitled "Identified Points of a Kinetic Cardio - /39 
gram when Measuring the Duration of the Phases of the Cardiac Cycle ” : 

2 — coincides in time with closing of the cuspidate valve of the 
heart at the beginning of systoles of the ventricles; 

— is characterized by opening of the semilunar valves and beginning 
of rapid ejection-, of blood into the aorta and pulmonary artery; 

<5 — determines completion of the phase of rapid expulsion, decrease 

in the rate of output of blood and beginning of the phase of slow 

ejection; 
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f the ca?dlJc”cycle.^ Wnetic cardiogram when measuring the duration of the phases 
or symbols see the following pages. 


TABLE 1 


/38 


THE NUMBER AND TIME PERIODS FOR CONDUCTING STUDIES OF THE 
CARDIOVASCULAR SYSTEM DURING FLIGHT IN CONDITIONS OF REST 


STUDIES 


EXPEDITION I 


EXPEDITION II 


Plight day number 

Plight day number 

1. Electrocardiography 
at 12 contact points 

4 

7,30,49,70 

5 

21,41,68,110,130 

2. Phase analysis of 
the cardiac cycle 

IT 

7,14.24.30,42, 

49,60,70,77, 

82-92 

14 

6,7,21,29,41,60, 

62,68,86,97,110, 

119.124.137 

3. Arterial pressure, rate 
of propagation of the 
pulse wave along the 
aorta, parameters of 
cardiac output (according 
to Braemser-Ranke 

iT 

7,14,24,30,42, 

49,60,70,77, 

82,92 

10 

7,29,41,60,62,85, 
, 97,n9,124,137 

REG 

. Rheography 


I4,24,49,60(CCJ) 8 
77,82,92 

4(:ffj,7,2M0C.), 

50,68,85,110,124, 





137 

RG of the extroidilesl 

I41IWJ,241Fe;), 

3 ir.yiofig-21,68,110 


> 

''‘1) 

1^1 'iish 63,119 

RG of the torso 6 

7,24,42,70,82 

8 

4(iiJ.6l.cc),2I 
to).29(jE).4I. 
63.68.97. 110.119 

5. Occlusive 

plethvsmographv 

-I . a 

42 

60 


^ 50,97 
29.85.124 

Pressure in the jugular 
veins 

5 

14,49,60,77, 

5 

7,50,85,124,137 

6. EKGpt,, PG, SCG 

6/6 

7.14(:>» ),24, 
44,70,82 

9/6 

7.21(1':':), 29.41, 

7. Pulmonary ventilation 

3 

7,49,70 

4 

21,41,68,110 

8. Studies in condition of 
basic exchange 

I 

30 ' 

7 

;;; .2.7,33.40,59, 


SYMBOLS: REG - rheoencephelogram; RG - rheogram; PG - pneumonogram ■ 

SCG - seismocardlogram; CC - crew member; FE - flight 
engineer . 
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7 — corresponds to the moment opening begins of the semilunar valve 

of the heart at the end of the ejection period; 

8 — corresponds to the moment of stress of semilunar value and the 

beginning of a drop In Intraventricular pressure; 

9 — defines the end of the drop of intraventricular pressure and 

opening of the cuspidate valves of the heart, beginning with the 
phase of rapid filling of the ventricles v/ith blood; 

10 — slowing of the rate of blood flow in the ventricles, settling of 
pressure between the auricle and ventricle, beginning of the 
phase of slow filling of the ventricles; 

a-b-c — characterizes the systole of the auricle. 

On the basis of these identified points, a number of time Intervals 
are measured: distance from: 

beginning of Q deflection to point 2 corresponds to the time of 
the phase of asynchronous contraction (AC); 

— from point 2 to point 4 corresponds to the time of the phase of 
isometric contraction (IC); 

from point 4' to point 7 corresponds to the time of the period 
of ejection of blood from the ventricles (PE); 

from point 7 to point 8 corresponds to the time of the proto- 
diastole interval (PrD); 

from point 8 to point 9 corresponds to the time of the phase of /40 
isometric relaxation of the ventricle (IR); 

from point 9 to point 10 corresponds to the time of the phase of 
rapid filling of the ventricle; 

the a-b-c interval corresponds to the time of the auricle systole. 


For evaluating the contractile function of the myocardium on the 
basis of the time intervals obtained of phases of the cardiac cycle, 
the derived indices are calculated and the required values according 
to the formula of V. L. Karpman [2]: 

the voltage period (VP) = IC+AC; 


the total systole (S^) = VP+PE; 
the mechanical systole (MS) = IC+PE; 

VP 

voltage index of the myocardium (VIM)= s— ; 

^t 
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100 ; 


PTT 

the intrasystolic index (TSI) = ~ • 

the rate of increase of intraventricular pressure Vi = 
average rate of evacuation cf the left ventricle Ve = 
must = 0.12‘RR + 0.235 
PE must = 0.1G9-RR + 0.159 


APmin~® 
IC ^ 


MS must = 0.114-RR + 0.185 


ISI must 


PKd 

MSc^' 


Also the relative values of the total diastoles were cal- 

culated, the filling pe* *.od i - — ^ — ^) , the phases of Isometric relaxa- 
tion and the phase of rapid filling , Calculation 


of relative values wes to show the change in duration of the total 
diastole not due to the change in duration of the cardiac cycle and 
also changes in duration of other indices listed of the diastole not 
due to changes in duration of the total diastole. 


A rterial pressure was measured according to a tacho-oscillograph /^1 
method proposed by N. N. Savitskiy [3]. Recording of the tacho-oscll- 
lograra (TO), which showsa differential curve of the arterial oscillo- 
graph wgiB accomplished with even compression of the arm area using a 
cuff which simultaneously was the receiver for the pulse variations. 
Measurements of pressure in the cuff were made automatically and 
simultaneously; the TO curves were recorded as well as compression 
pressure. Determination of Ap parameters was accomplished in the 
following way (Figure 2) : for determining the minimum pressure (Min) 

the type of tacho-osclllographlc curve was calculated. With the pre- 
dicrotlc type (development downward from an isoline of the predicrotlc 
inclsura) point calculation of Min was a sharp Increase in amplitude of 
positive oscillations. With the postdlcrotic type (development down- 
ward from the Isollne of the diastole segment; following the dicrotic 
wave) the point computation was the first clearly marked negative wave. 
The value of average pressure (Av) was apparent at maximum amplitude 
of positive oscillations and the formation of ganglionic thickening 
at the base of the systole rise in the oscillation, that is, at the 
moment of absence of change of rate of the signal in the walls of the 
arteries have reached their full contact. The systole pressure showed 
two components: laterlal (Lt) and end (Tr) pressure. The lateral 

pressure which reflects the moment of closing of the artery only under 
the effect of forces of the hemodynamic stroke, was determined accord- 
ing to the maximum rate of ejection during the diastole, that is, 
the first maximum negative oscillation. The terminal pressure which 
determines the entire energy of the moving column of blood (the total 
lateral pressure due to conversion of kinetic energy of motion of the 
stream of blood to pressure) was shown by the sharp change in steep- 
ness tangential to the upper and lower levels of oscillation. The 
presystole wave becomes not ascending but horizontal and weakly 
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IGURE 2. Identified points of a tacho-osclllogram for determining arterial pressure 


expressed. The total amplitude of oscillation then decreases sharply 
and stabilizes. 


The absolute values of arterial pressure are found by dropping /M3 
a perpendicular from the points found to the mark, on the pressure 
line. The wide mark on this line corresponds to 100 mm Hg pressure. 

The distance between the marks corresponds to 20 mm Hg, 

One should consider that recording the TO is done at a rise in pres- 
sure on the occlusive cuff. 

The tonus of the main arteries is indirectly evaluated according 
to the rate of propagation of the pulse wave along the aorta (RPPWa) 
which was calculated for the lag time of the pulse of the femoral 
artery from the moment of opening of the aorta valves fixed on the 
KCG curve. 


The indices of cardiac output were determined by calculation using the 
Braemser-Ranke physical method [3?’-] and the A. A. Kedrov rheographic 
method [^1], The physical method Introduces stroke volume Into the 
formulas for calculation: 

/.r _ 1332.0.6Q•?P•S•T^ 

~ RPPWa*D '' 

pulse pressure (PP) — is the difference between lateral and minimum 
pressures, the duration of the systoles (S), the diastole (D) and the 
full cardiac cycle (T), the rate of propagation of the pulse wave 
along the aorta (RPPW) and the area of the cross section of the aorta 
(Q), determined according to the Suter table [5], The coefficients 
1332 and 0.6 are, respectively, the multiplier for converting pres- 
sure into dynes and the correction factor. 

The minute volume (MV) was calculated by multiplying V and FCC. 


The specific peripheral resistance (SPR) was calculated accord- 
ing to the formula: 


SPRf = 


average pressure x surface of the body 

MVC 


The required specific peripheral resistance (SPR^j) was determined 
according to the formula: 


SPRd 


APav required x 
MVC 


Further the ratio is calculated; 


SPR^ . 
SPR^ 


surface of the body 
1005S. 


Rheographic studies include a sequential recording of rheograms 
of the right and left hemispheres and the front-mastoid contact points, 
longitudinal rheograms of the forearm and crus, and also rheograms of the 
trunk. 

For recording rheograms of the head, silver laminated electrodes 
with a dish shape and diameter 1 cm were used; they were Installed in 
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a 3 pecj.Pl helmet whose dimensions were selected Individually for each 
crew member. Before applying the electrodes the skin was treated with 
a hygienic cloth and a current conducting paste was applied. 

Fo’ cording the rheogram of the trunk and extremities, annular 
tape ele erodes were used made of current carrying plastic 1 cm wide 
fixed on a ^slastic band with cloth fast en^SPs. The electrodes on the 
extremities were located on the forearm 2 cm above the radiocarpal 
and 2 cm below the ulnar joint; on the crus — respectively, above 
and below the talocrural and knee joints. Then, the generator elec- 
trode is always a distal amplifier which provides indication by an 
arrow. The design of all the rheographic electrodes is accomplished 
in such a way that the cosmonaut independently in 10-15 minutes puts 
them on with minimum method error. 


When decoding the regional rheograms the following were determined 
(Figure 3): the index of pulse blood filling (IPB) of the vessels in 

the area studied — the ratio of constant and variable components of 
Impedance (Ax/K'lO'lO-** ) — the index of minute blood filling (IMB); 
the index of tonus of the large arteries — the ratio of duration of 
anacrotism into the duration of the cardiac cycle (a/T*100?), the in- 
dex of tonus of the small arteries and arterial or the dicrotic index 
(Del) — the ratio of amplitude at the level of the inclsura to maximum 
amplitude (in %) and the index of tonus of the veins or the diastolic 
index (DI) — the ratio of the amplitude of the dicrotic wave to the 
maximum amplitude of the curve (in %) [4a]. On the rheogram of the 
torso, using A. A. Kedrov's formula, the stroke volume of the heart 
(SV) was calculated as well as the minute volume of circulation (MVC). 

Symbols for the Drawing Entitled "Identified Points of a Rheo gram " . /46 


1 and la — start of the rapid rise of the rheographic curve; 

2 — the point of maximum rise of the systole part of the 

rheographic wave; 

3 — the point located at the level of the inclsura; 

4 — The point of maximum rise of the dicrotic deflection, 

When decoding rheograms the following are determined: 


K — amplitude of a calibrated signal (in mm); 

Ax - amplitude of systolic part (in mm); 

B — amplitude of rheogram at the level of the dicrotic wave (in rmr,); 

C — amplitude of rheogram at the level of the Inclsura (in mm); 

a — duration of the anacrotic (diastolic) phase of rheographic curve 
(in seconds ) . 
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When decoding rheograms the following indices are determined s 

“ IP » lO^lO”^ — is tJhe indejf of pulse hlt>od filling (IPB)j 

IMB ■ IPB’PCC — is the index of minute blood filling (IMB); 

• 100$ — is the index of tonus of the large arteries; 

^ % — is the dicrotic index — an index of tonus of small arteries 
and arterials (Del); 

^ ' Ax ' i^ ”” diastolic index -- is vhe index of Vein tonUs (DI); 

A Y i 

SV ■ -^•30* 10"^. Body weight in gr, 0.7; 

MVC = SV-PCC. 


Measurement of venous pressure in the .jugular vein was done by an 
indirect method based on the effect of disappearance cf elements of 
the venous pulse (wave a) (Figure 4) on a venous arterial pulsogram 
(VAP) with the LBNP effect [6]. During a background (Earth) examination, 
this effect was determined by rotating the body in the frontal plane and 
venous pressure was calculated according to the formula; 


VPf = ^ 13?6° * ^ distance in mm from the 

right auricle to the plane passing through the parietal field, Lo — /}}7 

is the angle of rotation of the table. For determining VP and LBNP 
conditions, one defines the transition coefficient (K). To do this, 
as a result of the orthostatic effect, a vacuum was created (Vc), in 
which the moment of disappearance of the a wave was defined and the 
coefficient of K was calculated according to the formula: 


K 


VPf 

Tc"' 


Venous pressure in flight also is determined according to the LBNP value 
which causes leveling off of the a wave on the VAP, multiplied by the 
value of K: VP = Vc-K. 


A method of occlusive plethysmogrctphy [6a] was used for determin- 
ing the rate of blood fill of the crus, the expansion and contraction 
of the veins and venous pressure. For evaluating the changes in volu- 
metric values of Inflow of blood to the crus, calibration of the PLC 
was done. In the measuring cuff, using a calibration device in the 
form of a i^vrlnge, sequentially four portions of air 10 ml each were 
supplied. Then the amplitude was measured (in mm) of the calibration 
signals corresponding to introduction into the measuring cuff of 10, 
20 , 30 and ^10 ml of air. According to the data obtained, a calibra- 
tion graph was constructed (Figure 5) and for its future use iz was 
converted from millimeters to milliliters. 


During the study, a compression cuff is placed on the lower third 
of the femur, and a measuring cuff in the area of m. gastrocnemius. 
The curve of change in pressure in the measuring cuff is recorded; 
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Normal type of curve. 







Figure Identified points of a venous-arterial pulsogram. 
For symbols see the following page. 



Symbols for the Drawing Entitled “Identified Points of a Venous- ^0 

Arterial Pulsogram** . 

a wave — the positive wave during an auricle systole as a result of 
a., increase In volume of neck veins due to a lag in blood 
flow to the right auricle 

systolic collapse X — forms as a result of Improvement in flow from 
the neck veins during a relaxation of the myocardium of the 
auricle and a shift in the atrial ventricular membrane during 
evacuation of the ventricle 

c wave — transmission pulsation of the carotid artery 

d wave — a positive wave during isometric relaxation of the ventricle 
when the atrial ventricular membrane shifts upward and in- 
creases pressure of inflow of blood to the right auricle 

diastolic collapse y — drop in the curve in the phase of rapid filling 
of the ventricles leading to Improvement in blood outflow. 

this reflects the dynamics of the volume of the crus. By inflating /47 
the measuring cuff at the initial stage under manometer control, ty 
stages, the following pressures are created; 5» 7.5, 10.5, 12.5, 15 
mm mercury column. Then, compression of the vessels of the femur is 
accomplished. Pressure which causes visible rise in the curve cor- 
'’esponds to pressure in the veins. When carrying out an occlusive 
test, the value of compression pressure is defined as the total: 
venouse pressure + 15 mm mercury column. Recording of the PLC is done 
with one of the physiological indices according to which FCC is calcu- 
lated. On the curve of the plethysmograph, (Figure 5) the following /^8 
were measured: time from start of the rise of the curve to its entry 

on the plateau (t>i s), maximum amplitude of the plateau level (£2 i^^ 
m£), time from start of the release of pressure in the cuff to inter- 
section with the isollne (t 2 s) and the following indices were calcu- 
lated: 


— the rate of blood filling vessels of the crus 

— pulse rate of blood filling of crus = pcS^eats) 


— the rate of outflow of blood from the crus vessels: 

„ _ £?(m£ ) 

\2 ■ T7t5T 

For determining the volumetric rate of blood flow the following formula 

is used: cn inn 

= Vtl x^bO X 100 (cmVlOO cmHlssue/mln) , 

where w — is the volume of the crus in cm^. 
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^ ’ ? 

Figure 5 . Change in the plcthysmogram of the crus with compression of ; 

% the vein by an occlusive cuff. 

I Conventional symbols: 

I Hi increase in PLC with minimum occlusive pressure (mm) — for de- 

* termining venous pressure; 

I2 maximum amplitude of PLC at the plateau level; * 

ti - time (in seconds) from the start of rise of the PLC curve to the I 

I : lateau; 

t2 - time (in seconds) from the start of release of pressure In the 
cuff to intersection with the PLC curve and the base line. 


f 





When interpreting the data, the following Indices were obtained 
using the indicated method: 

tj and £2 characterize the state of tonus of venous vessels and the 
degree of expansion of the vencus reservoir; 

reflect arterial Inflow to the vessels of the crus; 

V ^2 characterize the reactivity of venous vessels of the crus 

and the conditions of outflow of venous blood from the crus 
to the proximal section, that is, the contractibillty of 
the veins. 

Recording of pulmonary ventilation was done using a turbine type 
sensor fixed at the output of the mask. The number of fall respiratory 
pulses was measured each of which equalled 0.5 £ per 1 min and the 
minute volume of breathing was detei-mined (MVB). 

The vital capacity of the lungs (VCL ) was determined In liters 
for maximum intake. 

A test with the effect of LBNP was carried out usliig a pneumatjo 
vacuum suit put on the lower half of iiie body and hermetically ‘=o-tLod 
at the level of the Ilium ridge. The test with LBNP was condnc'od in 
the following sequentially created evacuation C'->ndl tions : -'>5 mm Hg 

pressure 10 s (in ordei* to deteimilne pressure in the Jugular veins); 

-O'! mm Hg pressure 2 min; -35 mm Hg pressure 3 ivlr.. In the initial 
state before evacuation, during evav'’uatlon and in the recovery oeriod, 
the following Indices were I’ecorded continuously ; 

— a rheoencephalograni with botii hemispheres of the brain (KEG); 

— the curve of the pulse of the femoral artei’y (FAP): 

— A kinetic cardiogram In the field of the apex beat ( KCG ) (ex- 
cept for certain moments when the GCG was swl t ehod over to the veln- 
artei'y pulsogram) . 

Periodically , a;iprox!mat ely once a minute, a tache-oscl 1 logram 
(TO) was j’oeorded for the r-lse and release of pressure In the compres- 
sion cuff placed on the arm. 

In lie pi’efllght period, four tests wer’e made with each cosmonaut 
and five tests were made uui'lng fllgnt . in the ni<.mbers v'f ca’ew T, on 
days 1^1. ^19, to, 77 and 92, and in membtu’s of crew 11 on days 7, 50, 

85, 129 and 137. The test with measured physleal load on the bloyvtie 
ergfometer was conducted with a value of the work 750 kgm/mln (at a 
pedaling rate of 60 revolutlcms per minute) for a period of 5 minutes. 
Defoi'e and after the work, the following Indices were recorded: a 
riieegram of the torso with the electrodes placed on the upper third 
of bo'h arms (RGt,Qj.gQ), GCO In the area of the apex beat, FAP, TO, a 
sels onardiogram (SGG), a pneumegram ( PG ) , an electrocardiogram at 
the I S ■ontaet point (RKGos). During the work, a recording of ttie 


EKGps and PG was made. The methods for recording and decoding the 
indices are presented in the section entitled "Methods," Two to 
three tests were made in the preflight period with each cosmonaut 
and during the flight of the Mv-1, 6 tests (on days 7, 24, 30, 42, 

70 and 82) and with MC-II — five tests (on days 29, 41, 62, 97 and 
119). 

2.1.2. Results of Studios at Rest and their Discussion . /53 

The frequency of cardiac contractions in flight in three of the 
four cosmonauts usually exceeded the preflight values and in a number 
of cases at the end of the flight a tendency was noted toward a pro- 
gressive increase in this index (Figure 6). However, in the CC-i, 
the frequency of cardiac contractions in flight was, as a rule, below 
the preflight values or did not differ from them. 

The indices of arterial pressure (terminal and lateral systolic, 
diastolic, average and pulse) changed within small limits and their 
dynamics were varied in different cosmonauts. The most common 
principle of change in arterial pressure was a tendency developed in 
a number of cases at certain stagi^ in flight toward a decrease of all 
or some of the indices. Thus, in tne CC-I and CC-II, all of the 
indices of arterial pressure in the second month and certain indices 
(lateral, systolic, diastolic, pulse pressure) in the CC-I in the third 
month of flight, and also the pulse arterial pressure in the FE-I and 
FF-II were smaller than the preflight values (Figure 7). 

The changes in phase structure of the systole of the left ventricle 
(LV) in flight in both cosmonauts (MC-2) showed a shortening of the 
phase of Isometric contraction by 22-36? and a tendency toward a de- 
crease or an actual decrease by 5-15? VIM (Table 2'>. The actual dura- 
tion of the period of ejection increased in both cosmonauts even in 

the first month of flight by 8-12? and later on did not differ from 
the preflight values. The ratio of the actual values of the period of 
ejection to the required or the entire extent of the flight exceeded 
the average preflight value (by 4-11?). The duration of the mechanical 
systole and its ratio to the required value underwent insignificant 
variations around the preflight level without a definite tendency in 
change. The intrasystollc index and its ratio to the required value 
exceeded the average preflight values insignificantly (4-6?). The /57 
initial rate of Increase of the intraventricular pressure was in- 
creased by 19-52? (in the FE at 4 months, by 78?). 

The changes in structure of the systole of the right ventricle 
were apparent for the first 3 months in both cosmonauts with a tendency 
toward shortening the phase of isometric contractions (by 4-7? in the 
CC and 10-14? in the PE) and the index of myocardium voltage (only jn 
the CC by 2-7?) with a subsequent tendency toward its increase (the IC 
in the CC by 7-9?, in the FE by 10?, the VIM in the CC by 5-8?, in the 
FE by 7-10?). The duration of the ejection period, the mechanical 
systoles and their ratio to the required value varied Insignificantly in 
the first 1-2 months and later on also had an insignificant tendency 
toward decrease, as a rule, by 3 - 9 %. The intrasystollc index did not 
change . 
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Figure 6. The dynamics of average values of frequency of cai'dlac con- 
tractions In flight symbols: 

— actual average values of the Index In different 

periods of orbital flight; 

— average values of the index In the pref light 
period; 

— limits of variation of the Index in the prefllght 

period; 

CC-I and CC-II — commanders of the first and second main 
crews ; 

FE-I and PE-IT — flight engineers of the first and second 
main crews. 


The data presented indicate that one is observing hyperfunction /‘>7 
of the heart on the part of the LV for the entire extent of the 
flight and this Indicates a whole complex of phase shifts. In particular, 
an increase in the Intrasystollc index, and In the first month of flight 
not only relative but also absolute values of the duration of the e- 
Jection period [7]. The power of the cardiac contraction increases 
^shortening of the IC), effectivei.y its duration expended in completlri;- 
external work in the form of ejection of blood (increase of PE) with 
simultaneous shortening of the preparatory work of the heart for ejec- 
tion of the blood (decrease In VIM which Indicates a decrease in the 
nonproductive activity of the heart [2]). 
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Figure 7. Dynamics of the indices of arterial pressure in flight. 

Symbols ; 

— terminal systolic arterial pressure ); 

_ _ _ — Lateral systolic arterial pressure (AP, f); 

A-A-A- — Average arterial pressure (APav)i ^ ^ 

- 0 - 0-0 — Diastolic arterial pressure (AP^jK 

Directions of the dashed lines Indicate pulse pressure. 

CC-I and CC-II — the commanders of the first and second 
main crews ; 

PE-I and FE-II — flight engineers of the first and second 
main crews . 

The phase structure of the diastole changed depending on the /57 

length of the flight (Table 3). The duration of the total diastole, 
the period of filling and the phase of slow filling changed in the 
flight in two phases. Other Indices of the diastoles ( the phase of iso- 
metric relaxation, the phase of rapid filling) had a uniform type of 
change throughout the entire flight. The absolute and relative values 
of the diastoles of the left ventricle (LV) of the heart during flight 
primarily increased (in the first month) and then decreased, going /59 
beyond the limits of preflight variations in the CC. This decrease, 
respectively in the CC and FE amounted to: for absolute values of the 

total diastole 10-26^ and 13-19/?; for its relative values 7-1^^ and 
3-11/?. Then, In the CC one observes a tendency toward a more marked 
change at the end of tl flight. The duration of the filling period 
and the phase of slow filling essentially increased in the first and 
to a lesser degree in the second month of flight; later on it decronsed 
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TABLE 3 


ORIQINAL*^PA(£ 18 
OF POOR QUALITY 
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THE DYNAMICS OF THE MEAN VALUES OF BASIC INDICES OF DIASTOLES OF 
THE LEFT (LV) AND RIGHT (RV) VENTRICLES IN THE 140-DAY FLIGHT 


LV 




Commander 


Indices 


Preflight 


In-flight 
(Month) 


Flight Engineer 

Preflight In-flight 
(average) (Month) 






1 2-5 



1 2-5 

- 

IR 

abs. w. 

35 

G3 

42-07 

88 

60 

47-ea 


'(ffiaiv. 

increase 


-rJ? 

-50- -33 

• 

-43 

-47 - -30 

m* 

abs. w. 

17,9 

11,9 

I0.I-IS.6 

17,2 

9,0 

11,5 - 

15,6 
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-34 

- -.13 


+43 

—33 — —9 

VP 

abs. w, 

390 

"¥o" 

300 - 340 

410 

500 

310-300 

' (ms) 

increase 



-38 - *-13 


+23 

-IV - 


""PNP* 

abs . y. 

81.0 

07,7 

84,1 - 89,8 02,7 90,6 

86,2 - 

8U,9 ' 

(%) 
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+7 

+3 — +10 



j-4 - +7 

RF 

abs. w. 

%. i 

41 

VO 

G2 - 06 

95 
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Oi 

(ras)^ 
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+'..'3 

+52 - +103 


+5 

'.1*. 

— ...J — — 

PBN» 

abs . 'W. 

B,V\ 

15,3 

17,2 - 21,5 19,4 18,5 

16,5 - 

19,1 


increase 

A 


+75, , 

+97 - +147 


-4 

-15 - -T. 

.SF 

(ms). 

abs. w. 
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305 

+;»:3 

180 - 2G0 
-40 - -12 

250 

340 

+03 

200 - 240 
-I'J - -4 

IR 

abs. w. 

4G 

' 31 

33 - 48 

41 

41 

4b - 

64 

(ms) . 
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i'j 

-2X - +4 



+T0 - 

!ija_ 

’ “PIR» 

ab's . w. 

10,1 

L>t 0 

10,4-12,9 

0,9 

7,1 

10,7 - 

Ib,6 


increase 


-50 

+3 - +23 


*>v 

:I".2T — ■ 

Ij-VG 

■"P 

(ms) 

# 

abs. w. 
increase 

410 

’goo" 

+4-7 

320 - 420 
-22 - +I 

430 

540 

+2 

310 ■ 
-(JO - 

- 410 
;-n 

PPI» 

abs . w . 


95,. I 

36,4 —39,7 

91,5 

92,3 

03, 6 

— 09,5 

1 ^ 

■■(if' i), 

increase 


, / * 

-4 - 0 


+X 

-0 - 

1 o 


RS 


abs. w. 


45 


53 


G7 - 31 

.f-ia +50 - ‘{•70 


43 6G 
+34 


GO - 'JO 

I 

t ^ 


PBl* 

ab«. w. 

9,7 

8,7 

17, I - 21,4 

10,7 II, I 

15, G -i 19,4 : 

(a) 

.Increase. 



+7G - ‘I-T2I 

+4 

+40 +BI J 

SF 

abs. v{,. 

COO 

GIG 

190-290 

310 430 

■220-1200 

j ' 

;Cinsl 
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— 3G — —3 

+33 

-30 -1 -IG 1! 


For symbols see the section "Methods”. 
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and in the CC this decrease progressed depending on the duration and /59 
at the end of the flight amounted, respectively, to 22 and ^102; in the 
FE, these indices decreased by 17 and 19 %. The relative value of the 
filling period in both cosmonauts increased by 3-10^ and in some 
cases exceeded the preflight variations. 

The phase of rapid filling of the left ventricle was characterized 
by different types of change: in the CC, it increased by 52-109^ and 

in the FE decreased by 15-2555. The absolute and relative values of 
the phase of Isometric relaxation of the left ventricle decreased in 
both cosmonauts in different flight periods by 9-50?. 


^[Translator's note; Commas in tabulated material are equivalent to 
decimal points in this Table and throughout the text] 
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Figure 8 


The dynamics of stroke volume of the heart in flight. 

Symbols : 

0-0-0 - Actual values of the stroke volume of the heart 

in different periods of orbital flight; 

- the average value of the stroke volume of the 

heart in the preflight period; 

- - - - limits of variation in the stroke volume of the 

neart in preflight period; 

CC -1 and CC-II - commanders of the first and second main 
crews ; 

PE-I and PE-II - flight engineers of the first and second 
main crews . 
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Figure 9 . Dynamics of minute volume of circulation in flight. 

Symbols: 

0-0-0 - actual values of minute volume of circulation in 

different periods of orbital flight; 

- average value of mlnure volume of circulation in 

the preflight period; 

- - - - limits of variation of minute volume of circulation 

In the preflight period; 

CC-I and CC-II - commanders of the fii*st and second main 
crews ; 

FE-I and FE-II - flight engineers of the first and second 
main crews. 
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Figure 10 . Dynamic^, of the index of pulse blood filling of the vessels 

of the head in flight. 

Symbols : 

0-0-0 - actual values of the index of pulse blood filling 
of the'vessels of the head in different periods 
of orbital flight; 

- the average value of the index of pulse blood 

filling of vessels of the head in preflight period; 

- - - - limits of variation of the index of pulse blood 

filling of the vessels of the head in the prefllgnt 
period ; 

CC--I and CC-II - commanders of the first and second main 
crews ; 

FE-I and FE-II - flight englneei’s of the first and second 
main crews. 
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Pieure 11. Dynamics of the index of minute blood flllinp of the vessels 

of the head in flight. 

Symbols ; 

0 - 0-0 - actual valuesof the index of minute blcod filling 

of the vessels of the head in different periods 
of orbital flight; 

- the average value of the index of minute blood 

filling of the vessels of the head in the preflight 
period; 

- - - - limits of variation of the index of minute blood 

filling of the vessels of the head in the preflight 
period ; 

CC-1 and CC-II - commanders of the first and second main 
crews ; 

FE-I and PE-II - flight engineers of the first and second 
main crews. 
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The changes In indices of the diastole of the right ventricle /59 
(RV) of the heart also were characterized by an Initial increase 
lasting for the first 2 months of the absolute and relative values 
of the diastole (by 24-38 and 11-12$), the period of filling (24-47$) 
and the phase of slow filling (38-70$). Later on, the values of 
these indices were decreased except for the absolute values of the 
diastoles and the filling period hardly differed from the preflight 
values. The phase of rapid filling for the entire flight was Increased 
in the CC by l8-'^79$ and in the PE by 22-85$. The absolute and rela- 
tive values of the phase of isometric relaxation in the CC decreased 
and in the PE Increased. 

Thus, the changes in flight of the basic indices of the diastole 
of the right and left ventricles mainly had a uniform tendency. 

Changes in the central and regional hemodynamics . Stroke volume /60 
(SV) on the fourth to seventh days of flight increased in 3 out of 
the four cosmonauts (Figure 8). Later on, as a rule. Insignificant 
variations were observed primarily with insignificant Increases in the 
average preflight values in the CC-1 and PE-II. Then, on day 82 an in- 
crease in SV was detected in the CC-I by 25$, and in the PE-II on day 
119 with a decrease by 28;$. In the FE-I, in distinction from the other 
cosmonauts, the SV was basically insignificantly decreased for the en- 
tire flight (by 2-15$). The minute volume circulation (MVC) hardly 
exceeded the average preflight values or did not differ from them in 
all of the cosmonauts (Figure 9)« After flight, the SV and MVC in 
all four cosmonauts (except the MVC in the CC-I) was decreased and in 
expedition I was not reestablished during 11 days postflight. 

The indices of pulse (PB) a.nd minute blood filling (MB) of 
the head during the 96-day flight were Increased in both cosmonauts, 
to a greater degree in the PE-II and did not decrease at the end of 
the flight. In the l40-day flight one also observed a marked Increase 
in pulse and minute blood filling of the head, which, however beginning 
approximately on day 85 in the CC-II and day 110 in the FE-II did not 
differ or was even decreased in comparison with the preflight data, 

(Figures 10, 11). The asymmetry observed in pulse blood filling, more 
marked in crow I on the 49th to 77th days and in crew II on the 85 th day, at 
the end of flight had decreased or even disappeared. The character 
of asymmetry In the CC-I was the same as the preflight; in the CC-II 
and FE-II, it had changed to the opposite and in the FE-I, the difference 
in blood filling of the vessels of the right and left hemispheres was 
apparent only during flight. 

After flight, on day 3, crew 1 had pulse and minute blood filling In- 
creased and in FE-I there were no positive dynamics on day 11, but in 
the CC-I there was a tendency toward normalization. After the l40-dny 
flight, on day 2, the pulse blood filling in both cosmonauts and the min- 
ute blood filling in the CC-II were, as a rule, considerably smaller 
than the pref light values. At the same time, in the FE-I the minute 
blood flowing to the right hardly changed and to the left it decreased 
markedly. Similar in direction but less marked,,the tendency lasted 
for 4 days. Later on, on day 9, changes took on a different character : 
in the CC-II, blood filling of the vessels of the head Increased by 
55-65$, in the PE-II — it decreased by 55-67$. 
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The pulse and minute blood filling of the crus in flight and on 
days 2-3 postflight was smaller than the preflight. In the cosmonauts 
of the two expeditions, one noted a weakly expressed tendency toward 
normalization of blood filling of the vessels of the crus in the sec- 
ond half of the flight. 

The pulse and minute blood filling of the forearm during flight 
exceeded or did not differ from the preflight values and on days 2-3 
postflight it was, as a rule, smaller than these values (except for 
the PE-I in whom these indices on days 3 and 11 were noticeably in- 
creased in comparison with the preflight value). 

The arteriole and venous tone of the vessels of the head during 
flight in 3 of the ^ cosmonauts (except for the PE-II) was, as a rule, 
decreased and In a number of studies symptoms were detected of a sig- 
nificant dilation of the small vessels which showed up in the change 
in shape of the rheoencephalograms in such a way that the Inclsura 
shifted lower than the isoelectric line. In the PE-II, on different 
observation days, the tone of these vessels changed both increasing 
and decreasing. Postflight, the arteriole tonus also basically was 
decreased in 3 of the cosmonauts and Increased in the PE-II. More- 
over, the venous tone decreased only in the crew of the first expedi- 
tion and had not recovered on day 11, 

Changes in the arteriole and venous tone of the forearm and crus 
in different cosmonauts was individual and showed both as a decrease 
and an increase of the appropriate indices. However, In most cases, 
one noted a principle showing different directions of change of tone 
of the small vessels of the forearm* in 3 cosmonauts it decreased, /66 
and in the PE-II It Inci’eased with a simultaneous Increase in the tone 
of the small vessels of the crus In all the cosmonauts. 

Thus, changes -f the central and regional hemodynamics according 
to the data of rheographic studies showed the following: 

— at first (on days ^-7) with an Increase in SV In 3 of the ^ 
cosmonuats, the tendencies of the MYC for the entire extent of the 
flight was toward an Increase of preflight values and decrease of the 
volumes of circulation postflight; 

— an Increase In pulse and minute blood filling of the vessels 
of the head which In the 1^0-day flight after 85-110 days, increased 
In the forearm values; then, after the 96 -day flight the pulse and 
minute blood filling remained Increased and after the 1^0-day decreased; 

— the appearance of asymmetry of bloud filling of the cerebral 
vessels in crew 1 on days ^9-77 and In crew 2 on day 85; this leveled 
off at the end of flight; 

— a decrease in-flight and postflight of blood filling of 
the vessels of the crus with simultaneous Increase or absence of change 
of blood filling of the forearm (only in-flight); 
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— a decrease in arteriole and venous tone of the vessels of the 
head in 3 cosmonauts In-fllght and postflight; 

— different types of change In the tone of the arterioles aM 
veins of the forearm and crus, whose changes had an Individual charac- 
ter In different crew members. 

The changes of the central and regional hemodynamics in conditions 
of space flight can be due to a number of factors the most Important of 
which Is redistribution of blood and functional loads of different 
regions of the body. 

Venous pressure , determined by an indirect method on a phlebogram 
of the Jugular vein v;hile applying negative pressure to the lower part 
of the body, during the l^lO-day flight first Increased by 1.5-2 times /67 
and by day 85 of the flight had normalized and then again increased. 

In the 96-day flight, the value of venous pressur*" was Increased to an 
even greater degree and did not have a tendency t'> ,ard a decrease 
(Figure 12) . 

According to the data of plethysmographlc studies (V. A. Deytyarev 
and coauthors), the venous pressure in the lower extremities in-flight 
(was studied only in the MC-II) in the PE-II on day 130 amounted to 
approximately 8 mm Hg and in the FE-II on day 125, about 6 min Hg. The 
time for the plethysmographlc curve to reach the plateau and the maxl- 
mim Increase the orut was increased which, apparently, caused a de- 
crease in the tonus veins and an increase in their expandaoillty . The 
volume rate of blood flow in the crus Increased. 

At the present time it is assumed that the main factor which >e- 
termlnes the qualitative peculiarity and specifics of physiological 
shifts in the organism in conditions of spaceflight is weightlessness 
[8,93. The main length in the mechanism of effect of weightlessness 
is, apparently, a decrease in the functional load on a number of sys- 
tems due to the absence of weight and involving this the mechanical 
stress on the structure of the body [8,b,io3. 

In weightlessness, redistribution of the fluid media of the organism 
occurs in a cranial direction, and lasts continuously for the entire 
extent of the flight. The shift in the center of mass of the body 
discovered during studies on the Sky lab program is evidence of this 
[11], and also the tendency toward an increase in cardiac output, 
venous pressure and the indices of pulse blood filling of the head, 
recorded during flight according to the Salyut program. This redistri- 
bution of fluids, probably, is the cause of a number of mechanisms 
which result in the change of physiological functions (Table ^4). 

In a much later period in weightlessness, as a result of constant 
physical lack of load on the organisms (particularly with inadequate 
physical exercises) and the assumed decrease in posture-tonic function 
of the muscles (no necessity for counteracting the force of gravita- 
tion), the musclv system to a larger or smaller degree becomes out of 
condition. As a result, one can decrease the activity of the ln;.ra- 
muscular peripheral heart, which shifts the blood from the arteries 
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Figure 12. 


Dynamics of the index of venous pressure in-flight. 

Symbols : 

_ _ _ _ _ average value of the index in the preflight period 
- value of the index in-flight; 

CC-I and CC-II - the commanders of the first and second main 
crews ; 

FE-I and FE-II - flight engineers of the first and second 
main crews . 


through the capillaries of the skeletal muscles through the veins; A 
this makes the work of the heart easier and faclljtates recovery of 
the venous blood to the right heart [21]. The decrease in intraorgan 
pumping functions of the skeletal muscles also can cause the develop- 
ment of venous congestion and an Increase in vencus pressure. 
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TABLE 4 ^ 

A GENERAL DIAGRAM OF THE MECHANISMS OP CHANGE IN THP^ PHYSIOLOGICAL 

FUNCTIONS CAUSED BY A SHIB'T IN FLUIDS IN A CRAN IAL DIRECTION 

— an Increase in Lransmural absorption of the tissue fluid; 

— a decrease in tissue pressure in the field of the lower extrem- 
ities (a decrease in the volume of the lower T G remities ) ; 

— an Increase in trans mural pressure aiid Filtration in the capil- 
laries of the upper pare of the body (edema of the tissue above the 
heart level); 

— increase In venous recovery expansion of the central veins in 
the aur;icie and an incroaBe 3n cardiac output; 

— an increase In the- indices of pulse blood filling of the head 
and jugulai’ veins; 

— an increase in venous pressure (in-flight, pressure recorded 
in the jugular veins), which was established at the level of central 
venous oi' right-artei'ial pressure CH]; 

— a decrease in the gradient of pressure In the venous system; 

— an Increase in the role of the active diastole and hemcdynamlcs ; 

— development of a phase syndrome of load by volume; 

— an increase in pressure in the cardiopulmonary region and re- 
tardation of vasomotor centers [12]; 

— an increase in the tone of the vagus and engagement of the 
discharge reflexes [13,l4,lL] with the recepters .>f the pulmonary 
vessels, which limit inflow of blood to the ho.irt and decrease tone 

of the vessels ut' the greater circle ( tetideiicy to decrease of arterial 
pressure and peripheral resistance); 

— removal of part of the fluid according to the Henry-Oauer 
mechanism (loss of weight of certain elec troly tes ) and an increase 

in the b lood-s toning organs as a result of stimulation of the receptor;’ 
of the auricle and the pulmonary vessels [13,17,18,19], which partially 
compensates for the manifestation of shifts (a decrease In edema of 
the face, pei’ceptlon of a rush of blood, etc.); 

— stabilisation of a new funct;loiK\l level of b lood circulation 
due to engagement of compensatory nu'clianlsms with 1 !ie carotid s I mu; 
[ 12 , 20 ]. 
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TABLE 5 
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MECHANISMS OF CHANGE OP CERTAIN FUNCTIONS 
OP THE ORGANISM IN '’EIGIITLFSS iESS 

Perception of congestion of blood In the head: 

- shift In fluids in the cranial direction. 

Edema of the tissue of the body below the level of the heart: 

- increase in trasmural pressure In the capillaries located above 
the level of the heart. 

Decrease in weight: 

- removal of part of the fluid from the organism; 

- partial loss of muscle mass; 

- lncrea.sed physical activity and emotional stress; 

- limitation of food intake. 

Decrease in the volume of the lower extremities: 

- shift of fluid in the cranial direction; 

- Increase in transraural absorption of tissue fluid and a decrease 
in tissue pressure; 

- a decrease in muscle tone and certain loss of muscle mass. 

Tendency toward an increase in cardiac output: 

- shift in fluid in a cranial direction: 

- inci‘ease In venous recovei*y . 

Increase in venous pressure and blood filling ci* the Jugular veins: 

- shift of fluid in a cranial direction; 

- development of a general venous congestion as a result of de- 
crease in pressui’e gi*adlent in the vein system and, possibly, as 
a result of decrease in activity of Intramusculai- pei’ipheral 
blood vessels; 

- tendeiicy toward an increase in cardial output. 

Inci'case In expandabll ity ol' the veins of the crus: 

- decrease in muscle tone; 

- decrease in tissue pressu:*e. 

Kes ti‘uc turl ng of the phase stiaicture ol’ the cardiac cycle (Increase 
in power and effect, of dni’atii'>n of the c;u’dtac contraction, increase 
In the phase of rapid filling, Increase in the hemodynamic Ineffec- 
tive isometric phases and a deci ^ase In the rest, time of tlie cardiac 
Plus cl e ) ; 

- load on the he, art by volume. Increase In the role of t ho lntak<' 


function of the heart by the active diastole in the hemodynamics 
as a result of the decrease in the pressure gradient in the venous 
system. 


2.1.3. Results of Studies with Application of Negative Pressure vo the /12 
Lower Half of the Body and their Discussion . 

All of the examinations made both preflight and in-flight were ac- 
companied not only by the development of symptoms of collapse but also 
unfavorable subjective perceptions, complaints of worsening in feelings 
of well being. During an analysis of the reactions of the cardiovascu- 
lar system to negative pressure in the samples in the preflight period 
attention was given to several more marked changes in a number of indices 
in the period directly preceding the launch, observed in three of the 
four 'osmonauts (MC-I and II) (except for the CC-II), which apparently, 
was due to a certain amount of fatigue which occurred during the Intense 
preparation for launch. Nevertheless, the main criterion in evaluating 
the transferability of flight tests was the degree of expression of the 
reaction of the cardiovascular system relative to maximum manifestation 
of reactions in the ground tests. 

Frequency of cardiac contraction in three cosmonauts (except for 
the CC-I) when creating negative pressure during flight increased to 
a greater degree than in the prefliglit tests whereas the Increase in 
reaction of PCC occurred on a background of a gradual Increase from 
test to test of the chronotropic function of the heart in its initial 
state (Figure 1). Whereas the preflight increase of PCC in response 
to negative pressure in these cosmonauts on the average amounted to 
15.6?, in-flight it increased to 21.6?. The FE-I had un increase in PCC 
reaction observed on days 1^1, 60 and 92 of the fljght and on days ^9 
and 77 it corresponded to the maximum ground value. In crew members of 
the MC-II, a more marked reaction of the PCC or even maximum preflight 
was traced in all flight observations except studies made on day 7. 

In the CC-I the PCC reaction, on the other hand, in the second half of 
the flight decreased and approximately corresponded to the maximum 
terrestrial reaction only in the test on day l4. 77^ 

Indices of arterial pressure as a whole changed moderately . The 
minimum AP in the flight tests . during LBNP (Figure 2 ) in the (’C-I de- 
creased on days l4 and ^9, respectively, to 11 and 9 mm Hg. In this 
same crew member in the preflight period, as a rule, one observed an 
Increase in the index and only in the test Just before launch did one 
note a short term decrease in the index (9 mm Hg). In the FE-I, both 
in the preflight test and in the test in the second half of the flight, 
one noted a tendency toward a small decrease in the diastolic AP. In 
the members of the MC-II, in distinction from the MC-I, with negative 
pressure, one observed only singular cases of an Insignificant decrease 
in minimum AP, and a constant reaction was apparent in the form of an 
Increase of the index (maximum at 8 mm Hg). The mean dynamic AP in 
the flight test changed approximately unldlrectlonally with minimum 
AP but with a large degree of variation both toward a decrease and to- 
ward an Increase in the values (Figure 3). A particularly large 
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Figure 1. The dynamics of frequency of cardiac contractions when 
carrying out tests with the application of negative 
pressure to the; lower of the body in-flight. 

Symbols : 

- moon value of the frequency of cardiac contrac- 
tions before the test; 

- 0 - 0-0 - maximum value of the frequency of cardiac contrac- 
tions during negative pressure -25 mm Hg; 

- - - - maximum value of the frequency of cardiac contrac- 

tions during negative pressure -33 mm Hg; 

CC-I and CC-II - commanders of the first and second main 
crews; 

PE-I and PE-II - flight engineers of the first and second 
main crews . 


spread in the values of mean AP 1n response to negative pressure 
occurred in the FE-I. In the CC-I, the reaction occurred according 
to the type of decrease in the index, then in three tests out of five 
(on days 1^1, 60 and 92) with a large degree of expression, in com- 
parison with the preflight (decrease at lM-17 mm Hg, preflight maxi- 
mum at 7 mm Hg). The latei*al and terminal systolic AP in members of 
the MC- T , in all flight tests decreased and in tests on day 1^1 the 
relative decrease of lateral in the PE-I and terminal in the CC-I was 
more marked than the prePlight (Figures ^1,5). Lateral AP in the CC-II 
In the last pi*ef light and Iri a.l the flight tests during negative pres 
sure, on the other hand, increased (at 2-10 mm Hg). Pui’ing decompres- 
sion, in accordance with variations of minimum and lateral AP, the 
changes of pulse AP also in the same test^ in a number of cases» ac- 
quired positive and negative values in i\.vlatlon re tlie initial level 
(Figure 6). Pulse AP in I t.s dynamics basically had a tendency toward 
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Figure 2. The dynamics of minimum arterial pressure in-flight when 
conducting tests with application of negative pressure to 
the lower part of the body. 

Symbols : 

- mean values of the index before the test; 

0 - 0 - 0 - - maximum values of the index with negative pressure 
-35 mm Hg in different periods of orbital flight; 

- - - - minimum values of the index during negative pres- 

sure -35 mm Hg in different periods of orbital 
flight ; 

CC-I and CC-II - commanders of the first and second main 
crews ; 

PE-I and PE-II - flight engineers of the first and second 
main crews . 


a decrease which was more marked than in the preflight tests. An ex- /80 
ceptlon was the sharper decrease in pulse AP (in the CC-I in the test 
on day 95 and FE-I in the test on the day l4) while retaining, however, 
an adequate level of the absolute values (30-35 mm Hg) . Besides the 
ordinary reaction of decrease, small Increases in the index occurred 
in the final minutes of negative pressure (in the PE-I on day 49, in 
the CC-II on days 50 and 85, in the PE-II on day 137). 
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Figure 3* Dynamics of the mean arterial pressure In-f light with con- 
duct of tests with application of negative pressure on the 
lower part of the body. 

Symbols: 

- mean values of the Index before the test; 

- 0 - 0 - - maximum values of the Index with negative pressure 
-35 mm Hg In different periods of orbital flight; 

- - - - minimum values of the Index during negative pres- 
sure -35 mm Hg In different periods of orbital 
flight; 

CC-I and CC-II - commanders of the first and second main 
crews ; 

PE-I and FE-II - flight engineers of the first and second 
main crews . 


Changes In the phase Indices In the systole of the left ventrlcle /80 
(Figures 7-9) In Its totality Indicated the development during nega- 
tive pressure of symptoms of a phase syndrome of functional hypodynamlcs 
(according to V. L. Karpman). This was manifested, as a rule. In 
shortening of the phase of Isometric contraction and lengthening of the 
period of ejection of blood by the left ventricle due to which the 
ratio IC/PE Increased. The changes Indicated In the flight tests were 
more marked In the CC-I on day l4. In the FE-I on day 77, In the CC-II 
on days 7, 85 and 137 and In the FE-II on day 137 of the flight. In 
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Figure . The dynamics of lateral systolic arterial pressure in- 
flight when conducting tests with application of negative 
pressure on the lower part of the body. 

Symbols : 

- mean values of the index before the test; 

- 0 - 0 - - maximum values of the index with negative pressure 
-?'=^ mm Hg in different periods of orbital flight; 

- - - - minimum values of the index with negative pres- 
sure -35 mm Hg in different periods of orbital flight; 
CC-I and CC-II - commanders of the first and second main 
crews; 

PE-I and FE-II - flight engineers of the first and second 
main crews . 


the FE-I, a decrease in value of PS during negative pressure had a /80 
progressive character fi-om test to test (from 0.22 s in the last pre- 
flight test to 0.]? in the test on day 92). In the CC-I, beginning 
on day ^9 of the flight, the changes in phase indices were more marked 
than in the preflight period. Lengthening of the IC phase in the CC-II, 
In all flight samples was greater than on Earth. On the average, the 
ratio of IC/PE prefl.lght Inei-eased by 31. ll? and in-flight by 60.1/^. 

It is surprising that in the FE-II, in the tests on days 7 and 12^ 
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5. The dynamics of terminal systolic arterial pressure In-flight 
when conducting tests with application of negative pressure 
on the lower part of the body. 

Symbols : 

- mean values of the index before the tests; 

0 - 0-0 - maximum values of the index with negative pressure 
-35 mm Hg In different periods of orbital flight; 

- - - - minimum values of the Index with negative pressure 
-35 mm Hg In different periods of orbital flight; 

CC-I and CC-II - commanders of the first and second main 
crews ; 

FE-I and FE-II - flight engineers of the first and second 
main crews . 
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Figure 6. The dynamics of pulse arlerial pressure in-flight when 
conducting the test with application of negative pres- 
sure on the lower part of the body. 

Symbols : 

- mean values of the index before the test; 

0 - 0-0 - maximum values of the index with negative pressure 
-35 mm Hg in different periods of orbital flight; 

- - - - minimum values of the index with negative pressure 
-35 mm Hg in different periods of orbital flight; 
CC-I and CC-II - commanders of the first and second main 
crews ; 

FE-1 and FE-II - flight engineers of the first and second 
main crews. 
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Figure 7. Dynamics of the duration of a phase of isometric contraction 
of the left ventricle when conducting a test with applica- 
tion of negative pressure on the lower part of the body 
in-flight . 

Symbols : 

- value of the index before the test; 

0 - 0-0 - mean value of the indices with negative pressure 
-25 mm mercury column; 

-A-A- - mean values of the indices during negative pres- 
sure -35 mm Kg; 

CC-I and CC-II - commanders of the first and second main 
crews of the orbital Salyut-6 and Soyus complex; 

PE-I and PE-II - flight engineers of the first and second 
crews of the orbital Salyut-6 and Soyuz complex. 
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Figure 8. Dynamics of the duration of the period of ejection of the 
left ventricle when conducting a test with application of 
negative pressure on the lower part of the body In-f light. 
Symbols ; 

- value of the indices before the test; 

0 - 0-0 - mean values of the indices with negative pressure 
-25 mm Hg; 

A-A-A - mean values of the indices with negative pressure 
-35 Hg; 

CC-I and CC-II - commanders of the first and second main 
crews of the orbital Salyut-6 and Soyuz complex; 
PE-I and PE-II - flight engineers of the first and sec- 
ond main crews of the orbital Salyut-6 - Soyuz 
complex. 
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Dynamics of the ratio of Isometric contraction through the 
period of ejection of the left ventricle when conducting a 
test with application of negative pressure to the lower 
part of the body in flight. 

Symbols : 

“• value of the indices before the test; 

0 - 0-0 - mean values of the Indices with negative pressure 
-25 mm Hg; 

- - - - mean values of the indices with negative pressure 
-35 mm Hg; 

CC-I and CC-II - commanders of the first and second main 
crews ; 

FE-I and FE-II - flight engineers of the first and second 
main ci*ews . 
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Figure 10. Dynamics of stroke volume of the heart in-flight when con- 
ducting tests with application of negative pressure on the 

lower part of the body. 

Symbols : 

- mean value of stroke volume of the heart before the 

cest ; 

- - - - minimum values of the index in percentage points In 
relation to the value recorded before the test, at 
negative pressure -35 mm Hg in different nerlods of 
orbital flight; 

CC-I and OC-II - commanders of the first and second main 
crews ; 

FE-I and FE-II - flight engineers of the first and second 
main crews. 
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Figure 11. Dynamics of minute volume of blood circulation in-flight 

when conducting a test with application of negative pres- 
sure on the lower part of the body. 

Symbols : 

- mean value of minute volume of blood circulation 

before the test; 

- - - - minimum values of the index in percentage points 
in relation to the value recorded before the test 
with negative pressure -35 mm Hg in different 
periods of orbital flight; 

CC-I and CC-II - commanders of the first and second main 
crews ; 

FE-I and PE-II - flight engineers of the first and second 
main crews . 
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Figure 13. Dynamics of the i*atio of specific periplieral i*eslstance 

of actual I’equj red to specific peripheral resistance in- 
flight when conducting a test with application of jiegativ 
pressure on the lower part of the body. 

Symbols : 

- mean values of the Index before the tests; 

- - - - maximum values of the Index at negat Ive pi-essure 
- 3 ‘i mm Hg in different periods of orbital fligl'.t; 
CC-T and CC-IT - commandei’s of the first, and second main 
crews ; 

FF.-I and FF-IT - flight engineers ef the first- and second 
main crews. 
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Figure in Dynamics of the rate of migration of the pulse wave along 
the aorta in- flight wnen conducting tests with application 
of negative pressure on the lower part of the body. 

Symbols ; 

- mean values of the rate of migration of the pulse 

wave along the aorta before the test; 

0 - 0-0 - maximum values of the index with negative pressui’e 
-35 mm Hg in different periods of orbital flight; 

- - - - minimum values cif the index with negative pressure 
-35 mm Hg in different ['erlods of orbital flight; 


CC-1 


CC-II - commanders of the first and second main 


:rews 


PE:-T and FE-II - flight 
main crews . 


englnec’*s of tlie first 









either in general no changes in the IC phase were noted or it waa 
shortened . 


/80 


D ecrease In value of ^ardlac* output (determined according to the 
Braemser -Ranke method) with creation of LBNP (Figures 10, 11), in 
the members of MC-I in all of the tests except on day 92, the results 
wer' approximately the same as in pi-ef light examinations (in-flight, 
on the average, 37.62, preflight 35.22). In the test on day 92, the 
decrease in minute volume of blood circulation in both the cosmomauts 
of this crew was more marked and amounted to 39-612. In members of 
the second crew during flight none of the tests for the effect of LBNP 
caused a more marked decrease in the volume of hemoclrculatlon than in 
the preflight period. Moreover, in the FE-II with negative pressure 
-25 mm Hg in the test on day 12^ a low value of MVC was fixed due to /86 
insignificant changes in SV on a background of negative tachycardia. 

In accordance with a decrease in MVC, an increase was determined of 
specific peripheral vascular resistance (Figures 12, 13), whose 
negative increase however did not exceed in any of the flight tests 
(except the FE-I on day 92) those of the ground examinations. At 
this time, the tone of the main artex’les according to the data of the 
rate of propagation of the pulse wave along the aorta (Figure I'O in 
three cosmonauts (except for FE-II) increased under the effect of 
LBNP in-flight to a large degree. Whereas preflight this index in- 
creased by a maximum of 11-272, in-flight in certain tests it increased 
36-762. More significant than in the vu’oflight tests increase 

of RPPWa was detected in the CC-I and CG-II in the majority of flight 
tests, and in the FE-I and FE-II only at the end of flight (respectively, 
on days 92 and 137). la two cases (in the FE-I on day 77 and the CC-II 
on day 124) a decrease in this index was fixed. 

An evaluation of individual reaction on the effect of LBNP showed 
that during flight, the relative decrease in transferability in the 
CC-I was observed during the first test on day l4. The charactei'*istlc 
peculiarity of this test was a decrease in all values of AP exceeding 
the preflight (Min AP — 11, Av AP — 16, Lt AP — 20, Tr AP — 30 mm 
Hg) , Increase of RPPWa by 2.1 m/s to 11.2 3 m/s. The volumes of hemo- 
circulation then decreased: SV from 103 to 43 mt , MVC from 5.8 to 3.1 

£/min, maximally decreased PE time and IC phase increased (respectively 
to 0.21 and0.C75s). With subsequent tests on the CC-I, one noted a 
sharp tendency toward a decrease in the reaction of the cardiovascular 
system to the effect of LBNP; however, the increase in RPPWa under 
negative pressure remained large (1.5-2. 4 m/s). On day 92, in spite 
of the noticeable decrease in the value of AP (except for Min AP, at 
16-19 mm Hg) , the volumes of hemoc irculation decreased only to 8l mt 
and 6.0 t/m. 


In the FE-I on day l4 of the flight also one observed a reaction 
to the effect of LBNP more marked in comparison wlUi preflight data. 
The increase in FCC was 15 beats per minute (preflight 5 beats/min), 
tile AP values: Lt AP, Tr AP and PAP decreased to 17, 13 and 20 mm Hg, 
respectively; SV — to 43 nui.,MVC — to 3.1 t/min. The PE was shortened 
to 0.21 seconds. In subsequent tests made in-flight, in the FE-I, 
one obsex'ved a [n^ogressive Increase in FCC, RPPWa, shoi-tening of the 
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PE and lengthening of IC phase, as well as a decrease in the volumes 
of homoclrculatlon. At the same time, the changes in AP had a rela- 
tively moderate character. An exception was the test on day 77 when 
the transferability of this test was evaluated by the cosmonauts sub- 
jectively as being worse than all the preceding. Then, a baclcground 
of relatively small PCC reactions, the AP and volumes of hemoclrcula- 
tion making up the shifts in IC and PE phases were significant (short- 
ening of the PE to 0.19 s). However, the maximum changes of almost all 
of the Indices studied in the blood circulation system accompanied the 
test on day 92 when the PCC increased to 87 beat/min, all of the 
values of AP decreased at 6-23 mm Hg, the stroke and minute volumes of 
hemocirculation dropped, respectively, to 3 mil and 2.6 a/min, the 
period of ejections was reduced to 0.17 s, the ratio of IC/PE Increased 
with 0.l8 to 0.32 and the Increase in RPPWa was 3.6 m/s. 

In the CC-II,as was noted above, the increase in FCC beginning on 
day 85 of flight noticeably exceeded the preflight data both in the 
initial state and under LBNP. On days 85 , 12^4 and 137, the absolute 
values of FCC under negative pressure reached respectively, 98 , 96 
and 91 beats/min with a maximum preflight value of 83 beat/min. These 
changes were very significant among all of the changes of FCC in the 
group of cosmonauts analyzed. Another characteristic feature of the 
reaction of the blood circulatory system of the cosmonauts was really 
significant shifts in the index of the phase structure of the systole 
of the left ventricle of the heart which was apparent in the develop- 
ment of a phase syndrome of functional hypodynamics in the tests on 
days 7, 85 and 137 (lengthening of the IC phase by 0.025-0.029 sec- /91 
onds, shortening of the PE by O.O 8 -O.O 85 seconds, and increase in the 
IC/PE ratio by 0.13-0.146). However, one should note that these 
changes qualitatively differed from each other and were accompanied 
by changes* differing in degree, of the other indices of hemodynamics. 

For Instance, on day 7 of the flight, the initial state before nega- 
tive pressure was the presence of a phase syndrome of load with 
volume (IC amounted to 0.04 s, PE — 0.320 s, preflight these indices, 
respectively, equaled 0.059-0.069 s and 0.263-0.295 s), and the abso- 
lute value which these indices reached with negative pressure in spite 
of the significant relative ’'deficit'' corresponded to the preflight. 

This test was accompanied by an average increase in FCC and changes 
of AF . At the same time, the values of MVC decreased lower than the 
minimum preflight value. On days 85 and 137, in the initial state, 
the PE time hardly differed at all from the preflight and the absolute 
values of PE under LBNP were significantly lower than the preflight, 
amounting, respectively, to 0.191 and 0.206 s (preflight — O.ff'i- 
0.240 s). Then, on day 85, a very high degree of tachycardia was notovV 
the value of the lateral systole AP in distinction from the preflight 
dynamics, increased and on day 137 significant decrease occurred in 
the value of stroke volume o’ the blood (less than 48 m£) with simul- 
taneous Increase of ISI (to 57 conventional units) and RPPWa (to 11.8 
m/s ) . 


Also, as in the CC-II, the PCC in the tests in the flight period 
for the FE-II significantly exceeded the preflight level. Beginning 


with the 5Qth day of flight, its maximum values with negative pressure 
varied in the narrow range of 86-92 beat/min (preflight — 65-72 
beat/min), and the negative Increase on days 85-137 also was consid- 
erably greater (22-31? as opposed to 18? preflight K In the preflight 
period, in the tests made on the eve of the launch, in this cosmonaut 
significant changes in hemodynamic indices were recorded. As a rule 
in their intensity with rare exceptions they exceeded changes obtained 
in the flight tests. This exception was a test on day 137 when a /92 
more marked phase syndrome of the functional hypodymania was noted 
(increase in the IC phase by 0.015 s, shortening of the PE by 0.063 s 
to the very small value of 0.222 s, an increase in the ratio of IC/PE 
by 0.111, as opposed to maximum preflight changes, respectively, +0.01 
s, 0.0^5 s to 0.240 s, + 0.07s). 

A rheographic study showed that negative pressure of varying 
degrees expresses a decrease in the index of pulse blood filling of 
the vessels of the head; this was accompanied by marked vasoconstrlct- 

Ing reaction. In the FE-I, under the effect of LBNP, a decrease in 

blood filling of the vessels of the head in all flight tests (parti- 
cularly on days l4 and 92) was more marked than the preflight and in 
the CC-II did not go beyond the limit of the preflight reaction In 
the CC-I and FE-II, the large degree of decrease in pulse blood fiJling 
was noted only in tests on day 50 of the flight. 

Thus, the reaction of the blood circulatory system to the effect 

of LBNP was shown by : 

— an Increase of FCC; 

— the mean changes of the AP indices: an Increase in minimum 

and mean and a decrease in lateral, terminal and pulse AP. In cer- 
tain cases, signs wei*e nu'cd of vascular depression (decrease of all 
indices of AP, as for example in the CC-I on day l4 of the flight) ^or 
the opposite reaction (increase in the AP index, as for example in the 
CC-II on day 50 — 137 of the flight 1; 

— development of a phase syndi’ome of functional hypodynamia 
(lengthening oP the IC phase, shortening of the PE and an increase in 
the IC/PE ratio); 

— decrease in tlie indices of mean ejection; 

— an increase in specific peripheral vascular resistance and 
RPPW along the aort a ; 

— the decrease in Indices of blood filling of the vessels of 
the brain accompanied by a marked vasoconstricting i*eactlon. 

During the flight reactions which wei-e moi’o marked In comparison /dl 
with the prel’light tests under the effect of LBNP occui'red, which wort' 
more appai-enl in the CC-I on day I'l and tlie EE-I on days l-l and '■'if 
and on the separate index on days oO and 77 in the CC-II on days S'i 
and 137 basically accoi’dlng to the i’CC data and the phase structure 
of the cardiac cycle; In t:he EE- 1 I , most ot’ the Indices except tor 
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the FCC did not go beyond the limits of the preflight variations. A 
large number of the studies concern the physiological significance 
of the effect of LBNP on the cardiovascular system. As , ■ was already 
pointed out in model experiments, the effects of LBNP is accompanied 
by redistribution of blood in the lower parts of the body and its 
pooling in the vessels in the decompression zone which results in a 
decrease in the volume of circulated blood, a decrease in venous re- 
turn of blood to the heart, a decrease in cardiac ejection [22,23,24]. 

A test for the effect of LBNP according to a number of characteristics 
simulates orthostatic perturbation [23,25] and in this connection it 
is used in flight for simulating a gravitational shift of the blood 
and an evaluation of orthostatic stability. 

The basis for the decrease of orthostatic stability is the vaso- 
depresslng effect whose development, in the opinion of a number of 
authors, can be due to an insufficiency both of functions of the 
resistive vessels and the compensator contraction of the veins [26], 
extravascular dehydration [271 and also the vasodepressor reflex 
with intracardiac receptors [28]. The flight tests described did not 
show development of sharp vasodepressor phenomena although separately 
these characteristics were observed in the form of a decrease in the 
AP Indices in the CC-I and CC-II on day 7 and in the PE-II on day 137. 

The symptoms of collapse observed in flight of the orbital Skylab sta- 
tion crew (using larger values of negative pressure) were completely 
absent in crew members on the Salyut-6 station. An Increase in FCC 
and a drop in systolic indices of AP (for example, in the CC-I and 
FE-I on days 14 and 92) obviously was an expression of the decrease 
of stroke volume of blood and a sipniflcant Increase in RPPW along 794 
the aorta and facilitated bringing, according to the capacity of the 
arterial blood, the decrease under LBNP of the volume of actively cir- 
culating blood. 

The changes of phase structure of the systole of the left ventricle 
which were apparent In the form of a so-called phase syndrome of func- 
tional hypodynamia, were observed only under LBNP and were absent in 
conditions of rest. This makes it possible to assume that the shift 
in the phase structure had a circulatory nature caused by lack of 
load on the chamber of the heart by the volume of blood. There is not 
always a precise parallel between the phase shifts and the deficit of 
volumes of hemocirculation when applying LBNP: significant changes 

in the phase are accompanied by a relatively small decrease in stroke 
volume of the blood (in the PE-I on day 77 and the CC-II on day 25 
and in the FE-II on day 137 of flight). Probably this can be explained 
by the change in reactivity of the myocardium in expansion of its walls. 
Probably, in spite of the decrease in total volume of blood in rest 
conditions, its quantity in the upper half of the body actually was 
Increased and thus facilitated a wide reservoir from which the blood 
was fed to the lower half of the body during application of LBNP. 

Lengthy hypervolemia of the upper sections of the body with Increased 
load by volume on the heart adapted the contracting function of the 
myocardium to the new conditions. Limitation of inflow to the ventricle, 
relatively small in volume, under LBNP can be accompanied by shifts 
in the phase structure which are sharper than under ordinary conditions. 
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The expression of reaction to LBNP according to time periods for 
their manifestation and intensity have an individual character. For 
instance, in the crew members of MC-I, the signs of decrease of ortho- 
static stability observed on day l4 of the flight was due, apparently, 
to the fact that the test was made in a period of incomplete adapta- 
tion of the organism to conditions of weightlessness which is charac- 
terized by a significant stress on the regulatory mechanisms. Com- 
pletion of the set of physical exercises recommended by the' CC-I during 
flight later on obviously caused a gradual decrease in the reaction of /95 
the cardiovascular system to LBNP and its recovery to the preflight 
level. On the other hand, in the PE-I, a certain decrease in trans- 
ferability of LBNP was observed such ">3 a characteristic of detralninf 
of the cardiovascular system due to insufficient physical exercise 
during flight (the cosmonaut curried out physical training according 
to his own plan in the form of avoiding the loads which would cause an 
excitation effect on the cardiovascular system). The fact that the 
PE-I by the third month of flight had begun to fulfill the recommended 
volume of physical exercises, apparently, explains the relative de- 
crease in transferability of the test with LBNP for the final stage 
of the flight. 

In iaembers of the F’C-II, an increase in reaction to LBNP in- flight 
was arrs.rent mainly in a chronitroplc function of the heart and the 
phase structure of the cardiac cycle. One should note that for the entire 
extent of the flight, signs of an increase in positive inotrophic 
effects on the contracting c:;pabillty of the myocardium were retained 
in all the cosmonauts in tiie initial state; the nature of this is 
still not completely clear. It is thought that as a result of lnci*eas- 
ing the volume of blood in the chest cavity and the detraining of the 
mechanisms of venous recovery, the application of LBNP causes a greater 
distribution of blood to organs of the abdominal cavity and the lower 
extremities than it does on Earth. This can decrease the activity of 
the receptors of the cardiopulmonary region and in a reflex manner 
increase the activity of the vasomotor center. As a result, adrenergic 
effects are increased [30]. One must not exclude the fact that intense 
physical training which was done by this crew facilitated maintaining 
a blood volume close to that on Earth. In certain cases, under the 
effect of LBNP, one observed an increase in the latei’al systolic and 
pulse AP, insignificant changes or absence of them in the IC phase and 
a certain increase in cardiac ejection which, obviously, was evidence 
of the manifestation of a hypercompensatory reaction accompanying the 
inci-ease in output of blood to the vascular channel due to pooling of /9b 
the blood in the Internal organs. 

In the postflight period, studies were made cf the reaction of 
the organism to orthostatic effects. In all of the cosmonauts there 
was a decrease in orthostatic stability which was confirmed by a FCC 
value, shortening of the PE, a decrease in the index of cardiac ejec- 
tion all larger than preflight. The duration of the decrease in 
stability in crew membei'S of the MC-II was longer (seven weeks) than 
in the MC-I (tliree weeks). One should give attention to the peculi- 
arities of postfllglit orthostatic reaction. After the 96-day flight, 
after 3-5 weeks, hypertension reactions were observed and after the 


1^10-day flight, one noted the opposite tendency. This can be evaluated 
as a sign of a more stable suppression of the antigravitation function 
of the blood circulatory system in the longer flight. 

In conclusion one should note that these factors of the decrease 
of orthos tatic stability , such as -dshydratlijn of -the organlonrill , 32] 
a decrease in the quantity of blood circulated [22,33], the decrease 
in content of inter tissue fluid and a decrease in vascular tone [3^, 

35»36], the decrease in muscle tone [37]» decrease in catecholamine 
and mlneralocortlcoid exchange [38,39]» fatigue of one type or another 
could all take place in conditions of long term orbital flight. How- 
ever, maintaining physical training at the required level and the 
absence of disturbance in the work and rest routine in flight to a 
great degree increases the protective properties of the organism for 
a simulated hydrostatic load. 

2.1.^. Results of Studies During Tests with Measured Physical Load /97 
and their Discussion . 

When conducting tests with a measured-rphyai-Qal load (MPL), the 
'Cosmonauts dldjiqt complalp^of feeling unwell. The pedaling power 
as a whole was maintained talrly precisely, and deviations in most 
tests did not exp^ieed ±6?. Htwdver, there were cases when the cosmo- 
nauts did not maintain the necessary number of revolutions in pedal- 
ing and due to this the PE-I in the tests on days 30 and ^2 had a 
total load less than 26-29S; in the CC-II it exceeded the re- 

quired value on days 97 and 119, respectively, by 10 and 31^, and in 
the FE-II, an excess was observed on day 119 by 9 %> One should note 
that when working on the bicycle ergometer, for the FE-I, there was 
a characteristic tendency toward completing it less Intensely and in 
the CC-II, on the other hand, there was a more Intense routine of 
pedaling. The CC-I and FE-II maintained a total value of the load 
fairly precisely. 

The frequency of cardiac contractions in most flight tests in the 
members of both crews, in their absolute value, exceeded the mean pre- 
flight level both in the initial state (except for the CC-I) and under 
physical load (Figure 1). Whereas preflight the maximum values varied 
in a range of 110-126 stroke/mln (in one case in the CC-I less than 
135 stroke/min) , in the flight tests these variations amounted to 108 - 
152 stroke/mln. In recalculating for mean values in all tests, in 
four of the cosmonauts in the preflight and flight periods, this re- 
lationship amounted to 116.7 stroke/min and 123.5 stroke/mln, that is, more 
than 6^. Then, the maximum increase in FCC in the preflight tests 
amounted to +67-104% (on the average +83.7%) and in flight +57-171% 

(on the average 1-86.7%). Consequently, the avera^d data did not show 
significant deviations in the increase in FCC during or before operation and 
in-flight. An analysis of Individual changes in FCC indicated that in 
the CC-I, only with a load on day 30 did one note a higher absolute 
level of FCC (up to l4l stroke/mln, preflight maximum up to 135 stroke/ 
min), and on days 7, 30 and 43, a hlghei’ relative increase In FCC /99 
(respectively, +100, 143, 96%; preflight +87%). The higher absolute 
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Figure 1 . The dynamics of frequency of cardiac contractions when car- 
rying out tests on the bicycle ergome't'er In flight. 

Symbols : 

- - - - mean value of frequency of cardiac contractions In the 

prefllght period before the test; 

“o“o-o - maximum value of frequency of cardiac contractions 
In the prefllght period during the test; 

- mean value of frequency of cardiac contractions In- 
flight before the test; 

-0-0-0 - I '^xlmum value of frequency of cardiac contractions 
li f’llght during the test; 

CC-I and CC-II - commanders of the first and second main 
crews ; 

FE-I and FE-II - flight engineers of the first and second 
main crews. 
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Figure 2. Dynamics of minimum arterla], pressure In-flight when con- 
ducting tests on a bicycle ergometer. 

Symbols : 

- mean values of the Indices before the test; 

0-0-0- - values of the Index at minute 1 of the recovery 
period; 

CC-I and CC-II - commanders of the first and second main 
crews ; 

FE-I and FE-II - flight engineers of the first and second 
main crews. 
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Figure 3. Dynamics of mean arterial pressure In-fllght when conduct 

Ing tests on the bicycle ergometer. 

Symbols : 

- mean values of the Index before the test; 

0 - 0 - 0 - - values of the Index at minute 1 of the recovery 
period ; 

CC-I and CC-II - commanders of the first and second main 
crews ; 

PE-I and PE-II - flight engineers of the first and second 
main crews . 
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Figure 4. Dynamics of the lateral systolic arterial pressure in-flight 

when conducting tests on the bicycle ergometer. 

Symbols ; 

- mean values of the index before the tests; 

0 - 0 - 0 - - values of the index at minute 1 of the recovery 
period; 

CC-I and CC-II - commanders of the fli’st and second main 
crews ; 

FE-I and FE-II - flight engineers of the first and second 
main crews. 
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'igure 5 . Dynamics of the terminal systolic arterial pressure in- 
flight when conducting tests on the bicycle ergometer. 

Symbols : 

- mean values of the index before the test; 

0-0-0- - values of the index at minute 1 of the recovery 
period ; 

CC-I and CC-II - commanders of the first and second main 
crews ; 

FE-I and FE-II - flight engineers of the first and second 
main crews . 
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Dynamics of pulso ai*'-er'’al pressure lt\-flight wlien conduo 

Ing tests on the bleycle ergometer. 

Symbols : 

- mean values of the index before the test; 

0-0-0 - values of the liulex at minute 1 of the recovei’y 
perl ed ; 

DC -1 ana CC-IT - commatKiers of Uie first and second main 
erews ; 

PK-T and PE-IT - flight er.glneers of the fi.i’st and second 
main erews. 
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values of FCC In the PE-I were fixed on days 24, 70 and 82 (respectively, 
l‘J2, 138 and 130 stroke/min, profllgh L13 stroke/mln) , howevei , the 
relative increase exceeded the preflig-l data only on day 24 (+171? as 
opposed to +104? preflight). In the CC-TI, also in tests on days 4l 
and 119 , one observed differences in the absolute maximum values of 
FCC under load (respectively, 135 and l40 stroke/ml n, preflight maxi- 
mum 126 stroke/min). Tn the FE-II, none of the flight tests of FCC 
was higher than with preflight loads. In both MC-II crew meiabers in 
the flight tests, the relative increase was smaller than with maximum 
ground changes of F2C. The dynamics of the ratio of he total value 
of FCC to the total value of power obtained in 5 minutes of the test 
indicated that in the pref light period, the largest values of this 
ratio were found in the CC-I (less than 0 .I 8 ), however, in flight none 
of the tests showed an excess of this boundary. In the FE-I, in the 
tests on days 24, 42 and 70 , the ratio amounted to respectively, 0.20, 
0 . 19 , 0 . 17 , which significantly (by 15-33?) exceeded the preflight 
level of this index. In membei’S of the MC-II, vai’latlons in this 
ratio did not dlffei* slgiiificantly from the preflight values and on 
days 29 , 62 and 119 > the values of the index were even smaller than 
in the preflight tests (by 6-15?), particularly in the final stages 
of flight. In the tests on day 29 (in the FE-II) and on day 4l (in the 
CC-II) of flight, recovery to the Inicial level was slow. The output 
of FCC in a stable state during load during pref light and in-flight 
tests showed that, as a rule, in 2-3 min, the pedaling and length of 
flight do not signi ficantly affect the rate of work. 


In the recovery period, tlie FCC In 5 minutes in the preflight 
period in MC-I crew members did not i*each the Initial level, exceeding 
it by 10-26^. In the flight tests, one could not always successfully 
trace the process of recovery to t!ie eiul; however in those cases 
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An exception \^^as the 
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dynamics of FCC in the FE-T on day 24, whr;n in 
the FCC exceeded ti’ie Initial ty 31 stroke diiin 

In the CC-Il in only one case (on day °7) the FCC did not reach the 
initial value, exceeding it by 13 sti’oke/min (by 19?). In the FE-II 
in. certain tests, in wlvlch the dynamics of FCC vvere traci'd for up to 
mitiut-es. t!\o excess amounted to 11-16?. 
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The indices of arterial pi-essiP’o, recorded In 1 min after comple- 
tion of operations by the cosmonauts^ also chaipged ambiguously (Figures 
2 - 6 ). In comparison witli the .naxlmuni preflight reac t i or\s , t ne Increnr-e 
in the Ah itulices in the CC-1 and CC-I' in tlv flight test, dlu not go 
beyond tlie limit.; of the ground variations. An exception was the iiioi'o 
marked increase o !' pulse Ah i the CC-T on days 24 and 82 ( 1 - 38 ?, pre- 
flight + 0 -I 2 ?) and in t tu' CC-l I , t in’ inex'ease vif minimum Al’ en dav 4] 
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ure 7. Dynamics of the duration of phase of isometric contraction 
of tile left ventricle when eonduclinp; a test on the bicycle 
erp;omel er in- fli c;lit . 

Symbols : 

- valucsof the index before the test; 

0 - 0 - 0 - - values of the index at minut.e 1 after the test; 
(.'C-i and CC-il - ccimmanders of the fli-st and second main 
crows of the orbital Salyut-b and Soyiir-' complex; 
FF-1 and KE-11 - fllfj’.t engineers of the first, and second 
main crews of the orbital falyut-c and doyus 
comp lex. 
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Figure 8. Dynamics of the duration of the ejection period of the 

left ventricle when conducting tests on the bicycle ergo- 
meter In- flight. 

Symbols : 

- value of the Indices before the test; 

0 - 0 - 0 - - values of the indices at minute 1 after the test; 
CC-I and CC-TI - commanders of the first and second main 
crews of the orbital Salyut-6 and Soyus complex; 
FE-II and PE-II - flight engineers of the first and second 
main crews of the orbital Salyut-6 and Soyus com- 
plex. 
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Fif:ure 10. 


Dynamics of minute volume of blood circulation when con- 
ducting tests on the bicycle ergometer in-flight. 

Symbols : 


0 - 0 - 0 - - 
a-a-a- - 


0 - 0 - 0 - - 

CC-I and 


values of the index before the test; 

values of the index at minute 1 post-test; 

values of the index at minute 2 post-test; 

values of the index at minute 3 post-test; 

CC-II - commanders of the first and second main 


crews ; 

FE-I and FE-II - flight engineers of the first and second 
main crews. 
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Figure 9. Dynamics of the ;roke volume of the heart when conducting 
tests on the bicycle ergometer in-flight. 

Symbols : 

- value of the index before the tests; 

0 - 0 - 0 - - value of the index at minute 1 after the t^sts; 

A-A-A- - value of the index at minute 2 after the tests; 

0 - 0 - 0 - - value of the index at minute 3 after ihe tests; 

CC-I and CC-II - commanders of the first and second main 

crews ; 

FE-I and PE-II - flight engineers of the first and second 
main crews. 

[Translator's note: In Figures 9-12, the author does not differentiate 

between the clear and dark circles on the Figures.] 
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a significantly more marked Increase in other Indices of AP; mean 
dynamic (respectively, +30 and +16?, preflight +2-3^), lateral (re- 
spectively, +^1 and + 28 ?, preflight +1-17?) > terminal (respectively, 

+33 and +3^?, preflight +15-17?). One should note that in this cos- 
monaut the Increase of mean AP (except the test on day ^2) and the 
terminal AP (except the test on day 7) was in all the flight tests 
more marked than the preflight. The greatest shifts toward an in- 
crease were observed in the FE-I for pulse AP: this increase also 
in all of the flight tests (except the test on day 7) was larger than 
in the preflight period (+ 21 -^ 16 ?, prefllglit +5-17?). In the PE-II, 
on days 29 and 62, the absolute and relative Increase of lateral AP /106 

exceeded the preflight Increase (an Increase of rela^’’ve initial level 

at l8 mm Hg or by 18-20?, the preflight increase by 11 mm Hg or by 11?). 
There was an uncharacteristic decrease in the AP pulse index after 
load (at minute 1) in comparison with the initial data observed in the 
PE-II on day 97. 

Changes in the phase structure of the systole of the left ven- 
tricle (Figures 7. 8 ) were apparent immediately after load in the form 
of a phase syndrome of hyperdynamia [9] (combined shortening of the 
phase of Isometric contraction and the period of ejection of blood by 
the left ventricle). In the preflight period, shortening of the IC 

phase in four cosmonauts of the MC-I and II varied within limits of 

20-^5? in the ejection period — 1^-35?. The decrease in the ratio 
IC/PE in three cosmonauts in the preflight test was approximately 
uniform (-1^ to 19?) and only in the FE-I did it reach -35?). 


In the flight tests, more abrupt shortening of the phase indices 
In comparison with the preflight dynamic was observed in one or two 
minutes only in members of the MC-I and in both cosmonauts these 
changes in the IC phase were fixed in tests on day 7 (by 50-59?) and 
the duration of PE on day 2H (by 33-^0?). A more marked shortening 
of the PE was noted in the PE-I also on day 70. In accordance with 
the changes of the indicated phases of the systole a c'^ange was noted 
in their ratio. A more marked decrease of this index was obsei'ved in 
the CC-I on days 7 and 70, in the FE-IT on day 7 in the CC-II on day 
62. In sevrei'a! tests, the ratio of IC/PE increased by 19-33? (in the 
CC-I on day 82, in the PE-I on days 2A and 70, in the PE-II on day 
97) basically due to i-elatively small shifts in the IC phase. 


The dynamics of strolce volume of ttie heai’t and minute volume of 
the blood circulation (Figures 9,10) In members of the MC-I and IT 
immediately after load had significant Individual variations. i’or 
the CC-1 both befoi'e and during fliglit, an average degi-ee of Increase 
of MVC was ciiarncterlstic with an ejection of 7-^0?, and in most, o'' 
the tests, the initial period of recovery was accompanied by a 
deci’oase in SV (by 12-23?). In the PE-I, in comparison with the ground 
i-eact/on, in all flight test.s one observed a s 1 gni f 1 cant. ly more markect 
increase in CV (except day 2^1) and in MVC (SV +22-''4t|?, pi'efllght mnxi- 
r.um +16?, MYC +7'l-i73?j prefliglit maximum tUi?). In the members rn' 

'''C-II the I’tianges in volumes of hc'mociicu] ati mi , In cemi'arlson with 
prefliglit data either did not go beyond the limits of reactions which 
were obsei’ved in ground condltious oi' these changes were c'xpresst'd 
to a lesser degree. In the CC-II, the iiici't'ase in MVC in tlie f'.ii’iil 
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Figure 12 . Dynamics of the ratio of actual specific peripheral resist- 
ance to the required specific peripheral resistance when 
conducting tests ^n the bicycle ergometer In-fllght. 

Symbols : 

- values of the Index before the test; 

0-0-0 - values of the Index at minute 1 after the test; 

A-A-A - values of the index at minute 2 after the test; 

0-0-0 - values of the index at minute 3 after the test; 

CC-I and CC--II - commanders of the first and second main 

crews ; 

FE-I and FE-II - flight engineers of the first and second 
main crews. 






tests varied within limit-^ of 39-77^, preflight it reached 1091 j in /ill 
the PE-II, the increase in MVC in-flight amounted to +^3-73^» pre- 
flight maximum was 101$. It was characteristic that in both cosmo- 
nauts the increase • in SV In tha tests in the second half 

of the flight decreased to +5 to -2$ (prei'light +^.8-65$) and the in- 
crease in MVC basically occurred due to tachycardia. 

The specific peripheral resistance (Figure 11) in all cases at 
minute 1 after load was decreased. The ratio of actual values of 
SPR to the required (Figure 12) in response to load increased in 
flight, as a rule, to a greater degree than preflight. It is sur- 
prising that the Increase in required values in three cosmonauts (ex- 
cept FE-II) Increased after load in tests in the final stages of 
flight. In the FE-I, also phenomena were traced for the extent of all 
test flights (except on the test on day 7). In most of the flight 
tests on him (particularly on day 82) the degree of decrease of SPR 
was greater than in the prefllghl period (-38 to 53^» preflight, -38$). 

The rate of propagation of the pulse wave along the aorta at 
minute 1 after load was higher than the initial (Figure 13)- In members 
of the MC-I, the increase in RPPWa was more marked than in members of 
the MC-II both in the preflight (on the average MC-I +3^$, MC-II +17$) 
and in the in-flight tests. Then, in both crew members of the MC-J, 
the Increase in RPPWa immediately after load in most in-flight tests 
was stronger than the preflight. In the CC-I, the Increase in the 
flight amounted to 46-60$ (preflight +35-43$), in the FE-I the index 
Increased in flight In all tests (except che test on day 42, +38$) 
by 48-99$ (prefligi.t by 13-^47$) . The must significant changes were 
noted in him on days 24 and 70 of the flight. In the members of the 
MC-II in the majority of tests the Increase in RPPWa did not exceed /115 

the preflight. An exception was the somewhat larger Increase in the 
index in the CC-II (by 25$, preflight by l4$) on day 62. 

The data presented indicate that the transferability of load tests 
in the four cosmonauts was ambiguous during flight and the character 
of the reaction of the blood circulatory system had a definite indi- 
vidual character. One should note that the markedness of the reaction 
of the cardiovascular system to load in the MC-I crews as a whole was 
larger than in the MC-II crews. Here rhe most significant shifts in 
the indices of hemodynamics were detected in the PE-I. Whereas In 
the CC-I the reaction to load was apparent basically in a more marked 
relative and/or absolute Increase in FCC, in the FE-I the change^ in 
the indices had a marked mplex character. 

During analysis of the data, attention was given to the phase 
aspect in the character of manifestations of reactions to load in mem- 
bers of the MC-I. On day 7, both cos.aonauts underwent the test well. 

A peculiarity of the r-^action in ' "i members was a more mai’ked 
shortening of the IC and In the C -j. — a decrea'f" after load of the 
AP indices which, apparent^'. , was a symptom of an accepted decrea.-.e 
in the peripheral vascular resistance which caused a decrease in stroke 
volume and a low value of MVC. One can propose that the indlcat.cd 
phenomena become possible in conditions of a decrease in volume of 
circulatory blood. On day 24, in both MC-I cosmonauts , clear slgjis 
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of aii Increase In reaction of blood circulation to load were estab- 
lished. This was apparent in the development of more marked tachy- 
cardia, sharper than preflight shortening of PE, an increase in the 
indices of AP, RPPW along the aorta, and in the FE-I — in an in- 
crease in the volume of hemocirculation and a decrease in peripheral 
resistance whereas with an increase in required value of SPR which 
was evidence of a certain lack of correspondence of the volume of the 
arcerial bed and the actual cardiac ejection. On day ^2, in both 
members of this crew one also noted a mai'ked chronotrophlc reaction 
of the heart to load in comparison with the preflight period. Here, /ll6 
the Increased frequency of beating of the heart in the FE-I was in- 
adequate to load which in a given test was below that planned; due 
to this the ratio of FCC to the power Increased significantly. The 
signs of Inadequacy of the reaction of the cardiovascular system to 
the load applied was r---;tained in the FE-I in. the test on day 70. 

The more marked absolute Increase of FCC exceeded in its value (in 
recalculation at the power level) the increase observed in the Earth 
tests and its recovery to the initial level was not observed ? min- 
utes after the lord. Changes in systolic AP, duration of PE, RPPW 
along the aoi'ta and SPR differed significantly from the preflight 
data. It is surprising that in the tests on days 24 and 70, in the 
FE-I immediately after tlie load, an Increase was noted in the IC/PE 
ratio due to insignificant changes in the IC phase. In the conditions 
of significant redistribution of blood due to muscle work, the indi- 
cated symptoms can be reevaluated as a manifestation of symptoms of 
relative hypodynamia of the left ventricle. In the tests on day 82, 
although one noted a more favorable reaction to physical work; how- 
ever, in the CC-I also an Increase in the IC/PE ratio was recorded and 
in the FE-I a more marked Increase in FCC and systolic AP, and also a 
decrease in SPR; then in both, an Increase in the pulse AP also was 
much sharper. 

Thus, in members of MC-I on days 24-43, and in the FE for an even 
longer period, in accordance with the dynamic index of blood circula- 
tion, one noted a relative decrease in work capability. A negative 
characteristic of the reaction in flight to physical load in members 
of the MC-II was the absence of sharp deviations from the preflight 
reactions and the absence of a notable interaction between them or 
any shifts in the indices during the tests with long term flight, that 
is, the phase characteristic graphically apparent in members of the 
MC-I was practically absent in members of the MC-II. More ’noticeable 
deviations from preflight reactions in-flight were apparen' in the 
CC-II: in several extended recoveries of FCC on days 4l ar.d 97 sncl /117 

systolic Indices of AP on day 4l , a sharper decrease in the IC/I 
ratio and an increase in RPPWa on day 62, somewhat more marked tachy- 
cardia on day 11 i , which was adequate for more pedaling power. As 
has been pointed out, the CC-II, as a rule, carried load with a large 
value of work which indirectly indicated retention of good physical 
training . 

Changes in the FE-II led to his reaction to in two cases (on 

day'^^ 29 and 62) which were accompanied by a more mai'hed increase in 
lateral AP and in a certain relative slowdown in the recovery after 
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load of the F?C and AP values (on day 29) . In spite of the fact that 
In the MC-II crew members, transferability of the load tests was re- 
tained at a fairly high level, the elements of detraining were noted 
in this crew. In both cosmonauts this was apparent in the formation 
of an Increase of minute volume of blood circulation in response to 
load due to an increase in PCC and a relative decrease in the role of 
stroke volume. 

The use of functional tests with measured physical load in flight 
conditions was basically directed at determining the degree of physical 
condition of the organism of the cosmonauts. A comparison with the 
state in the preflight period made it possible to discover how both 
the detraining effect of weightlessness and the phenomena of a re- 
training under Intense physical exercises occurred. One should, how- 
ever, note that the preceding studies both of the Soviet and American 
specialists in flight condlt,.ons did not show serious changes in trans- 
ferability of physical load by the cosmonauts. The American scient- 
ists did not observe any tendency which would indicate worsening of 
the reactions of the cosmonauts in flight tests [i|0,4l]. With a three 
stage test with submaximum load carried out on the Skylab orbital 
station, sigiiiflcant changes in hemodynamics were apparent in a rela- 
tive (in comparison with preflight data) decrease in FCC in the period 
of recovery an I a decrease in diastolic AP at a ate of rest, under 
load and during recovery. It was noted that tht quantity of physical /118 
work completed dui’lng flight is inversely proportional to the length 
of the period of readaptation after return [^1]. However, the prob- 
lem of determining the criteria of detraining and retraining remains 
fairly acute Inasmuch as postflight studies, as a rule, show a sig- 
nificant decrease in work capability. 

The work completec by rnoniuers of the Salyut-6 orbital station in 
flight tests was accompanied by a normal tonic reaction of the Indices 
of the cardiodynamlcs and hemodynamics in which the conjugate aspect 
and parallelism of changes in FCC and AP, that is, Increased frequericy 
of the pulse occurred simultaneously with fairly marked increase in 
pulse amplitude due to an Increase in systolic and average decrease 
of diastolic AP [^3]. Small changes in the systolic (lateral) AP at 
minute 1 of recovery which were observed in the CC-II on day 119 
(+5 mm Hg) and in the FE-II on day 97 (-^ mm Hg) led one to propose 
a deviation in the indicated cases for the development of reaci-ions 
from the normal tonic type toward a hypotonic type. In the opinion of sne 
ciallsts in the field of sports medicine, this type of’ reaction must be 
accompanied by a significant quickening of ’the pulse rate R2]. In the 
situations considered, the Increase in FCC was not significant in the 
FE-II (115 stroke/ml. .) and Increased significantly in the CC-II (up 
to 1^0 stroke/mln) . The latter was also caused by a large value of 
physical load. One of the causes of the small reaction of AP could 
be the fact that the changes in systolic (lateral) AP, determined by 
a method of tacho-osclllography , in response to load was much weaker 
than changes In maximum AP obtained by the auscultatlve method [^4]. 
Another explanation could be a decrease in venous return of the blood 
to the heart cavity and the stroke volume as a result oi' contraction 
of the volume of actively circulating blood [^0]. 
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One should note that in the study Indicated of the FE-II, 
shortening of the IC phase (at minute 1) was relatively smaller than 
in the preflight examinations and even after 2 minutes its duration /119 
corresponded to the initial value. This, apparently, can indicate 
although not precisely enough, the presence of signs of a functional 
hypodynamia of the myocardium from lack of load on the cardiac by 
the volume. 

As has been pointed out, studies [45], marked expression of 
shifts in the work of the blood circulatory system depend on the 
power of work done in the fixed routine. A decrease in power (less 
than 500 kgm/mln) is accompanied by a sharp prolongation of the 
initial period of stabilization with an increase in power (up to 1700 
and more) i:he period of work rapidly is shifted by the period of 
stabilization. The worklnr-in period with output of FCC in the 
established state (steady state) in all four cosmonauts in flight dif- 
fered little from the preflight and, as a rule, was observed at min- 
utes 2-3 of pedaling. One should note that determination of the 
moment of stabilization of FCC was not clear in all cases. In the 
FE-I, in whom as was pointed out earlier the reaction of cardladynamia 
during flight was more marked, a clear moment of output of FCC to the 
plateau was not established on days 24 and 70. Due to the fact that 
in these tests the value of power approximately corresponded to that 
planned and in the preflight te.its the moment of working out was fixed 
at minute 3, one can propose that prolongation of the process of work- 
ing out in certain cases reflected a definite degree of detraining. 

Another factor causing development of symptoms of physical de- 
training is the change in character of maintaining an adequate level 
of cardiac ejection in response to load by increasing the chronotropic 
function of the myocardium. It is well known that for trained athletes 
a more significant systolic reserve is characteristic than for the un- 
trained. Therefore, depending on the degree of training, the inter- 
relationship changes in the formation of MVC between the Increase of 
FCC and VS, that is, the trained subject- with average load uses the 
systolic reserve without a sharp increa e in FCC [46]. As detraining 
'-'.'velops, the role of the chronotropic function of the heart increases. 

Summarizing the results obtained of the tests with physical load /120 
one can state the following facts : 

— in all MC-I and MC-II crew members, in-flight symptoms of de- 
training of the cardiovascular system were determined to one or 
another degree; this was apparent in the increased reaction of cardlo- 
hemodynamlcs to load, in comparison with preflight data, and also 
changes in the structure of the phase of the cardiac cycle and an in- 
crease in the role of the chronotropic function of the heart in for- 
mation of cardiac ejection, 

— in MC-I crew members, as a whole, increase.. in the reaction to 
the test v.fas apparent to a more marked degree than in members of the 
MC-II, and more significant shifts in the indices in the fllg?it tests 
were noted in the FE-I in comparison with the preflight period. 
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— changes caused by detraining of the organism of the cosmonauts 

in the MC-I had a definite phase character in development: they were 

larger in both crew members in tests during the first month of flight, 
and in the PE-I for practically the entire expedition. In the MC-II 
crew members there were no noticeable changes in phase shapes apparent, 
however, a progressive increase in chronotropic effect on productivity 
of the heart took place, 

— one can propose that the increase in reactivity of the cardio- 
vascular system to physical load and the manifestation of symptoms of 
its detraining are in direct relationship to the volume of physl'-al 
exercises of the cosmunauts in f llghu . 
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2.2 


• Study of the Reaction of the Cardiorespiratory System when Con« » /3 21 
ductlnp; Tests with Measured Physical Load Before and After Flight 


Tests with physical load were carried out on a bicycle ergometer. 
Here, a gradually Increasing load was used requiring switching of the 
degree of Intensity 600 kgm/mln. 

First expedition . Members of the crew of the first expedition; 
commander (CC-I) and flight engineer (PE-I) In the prefllght period en- 
dured two stage load well (600 kgm/mln X i min + 750 kgm/mln X 3 min). 

On day 5 after landing both cosmonauts completed 3 minute work 
with intensity 300 kgm/mln as preliminary testing with recording only 
of arterial pressure and electrocardiograms. On the 6th day the FE-I 
and on the 7th the CC-I completed tests. with 3 minute work with In- 
tensity 6C0 kgm/min. Then, a whole complex of Indices of the cardio- 
respiratory system were recorded. On the 12th day both crew members 
underwent one more test; the CC-I completed a two stage (600 kgm/mln 
X 3 min + 750 kgm/mln X 3 min), and the FE-I — a three stage (300 
kgm/mln X 3 min + 600 kgm/mln X 3 min + 750 kgm/mln X 1 min).. 

Work on the bicycle ergometer after landing was not accompanied 
by any kind of breakdown In the functional state of the organism. At 
the same time, a definite worsening of regulation of the cardiorespira- 
tory system was apparent in withstanding physical load. Thus, the cos- 
monauts with a load of 300 kgm/min subjectively perceived it as pre- 
flight 750 kgm/min. The basic Indices of blood circulation and 
respiration in the third minute of load 600 kgm/min is presented in 
the Table. 

First of all one should note in both cosmonauts the Intensity 
of cardiac activity under physical load. Frequency of cardiac con- 
tractions and terminal systolic arterial press^ure became large. Their 
product, the so-called cardiac load index [^;7] Increased in the CC-I 
by 10$, in the FE-I by 28$, in comparison with the preflight data 
which showed an increase in consumption of energy of the heart in the 
work itself. The Increase in cardiac activity was close to the pre- 
flight level of the minute volume of blood circulation and the oxygen 
requirement only , in the CC-I; In the FE-I, these indices were lower than 
the prefllght values by 8$ and 11$, respectively. 

The intensity of cardiac activity, and, apparently, the excess 
of sympathetic stimulation were apparent and shortening of the ejec- 
tion period above the required for a given frequency of cardiac con- 
tractions hrd values In the CC-I at 11$ and In the FE-I 28$. The 
effectiveness of cardiac activity decreased In relation to oxygen trans- 
port. Thus, the oxygen pulse decreased In the CC-I by and in the 
FE-I by l6$ In comparison with preflight data. Evaluating the reac- 
tion of tne cardiorespiratory system of the cosmonauts to physical /122 
load, one can note the common characteristic of change of the state of 
Increase In Intensity and the uneconomical aspects of its functioning. 
However, this increase in intensity provided the organism with an ade- 
quate supply of oxygen only In the CC-I, and in the FE-I it was de- 
creased, and apparently, reflected worsening of the contractile 
capability of the myocardium. 
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Second expedition . The members of the second expedition; com- 
mand eFTcc^^^IlTand"!^ engineer (PE-II) completed a record 140-day 
-flights — Before the flight , they r iitce the members of the first expe- 
dltlon, underwent teats well on the bicycle ergometer. The recorded 
indices correspond to the reactions of a healthy person. 

After the flight, the tests on the bicycle ergometer were made 
on the 7th day. Taking into account the state of their health there 
were two stages of load: 450 kgm/min X 3 min + 600 kgm/mln X 3 min. 

Both of the crew members handled the load without any kind of unfav- 
orable feelings. Then, the CC-II noted that he could have taken this 
load in the first day postflight. 

Attention was given to increasing intensity of cardiac activity 
at rest in the initial postlon. The frequency of cardiac contractions 
and arterial pressure were significantly increased. The cardiac load 
index exceeded the preflight values in the CC-II by 44$, and in FE-II 
by 75$. The lack of economy in functioning of the cardiorespiratory 
system was reflected by a decrease in the oxygen pulse in the CC-II 
by 22$ and in the PE-II by 34$ in comparison with their preflight 
values . 

Considering the initial level of reaction to physical load, it 
was adequate in its intensity, Por instance, tne cardiac load index 
increased in the CC-I by 20$, and in the PE-II by in comparison 
with the preflight values. But this increase was smaller than that 
in the initial condition at rest. 

The intensity of cardiac activity was more marked in the FE-II. /123 
It was reflected by a decrease in the ejection period above that re- 
quired for a given frequency of cardiac contractions by l8$. At the 
same time, the demand for oxygen was even increased by 11$ in compari- 
son with the preflight data. In the CC-II, the period of ejection 
corresponded to the required value and oxygen requirement was at the 
preflight level. Respectively, the Increase in frequency of cardiac 
contractions was decreased by the oxygen pulse in the CC-II by 11$ 
and in the FE-II by 8$ in comparison with the preflight which reflected 
a decrease in economical cardiac activity. 

After 7 weeks of readaptation, which occurred at a sanltorlum, 
both cosmonauts without stress completed the throe stage load (450 
kgm/min X 3 min + 600 kgm/mln X 3 min + 750 kgm/min X 3 min). Here 
their reactions to physical load were fully recovered to the prefliglit 
level . 

The temporary functional character with complete recovery in 
the readaptation period was common for the changes in reaction of the 
cardiorespiratory system in all four cosmonauts. No disturbance of 
cardiac rhythm or symptoms of myocardium Ischemia was observed in 
any of them. At tho same time, one can note certain differences in 
their reaction which could depend on the peculiarities of flight and 
the prophylactic measures for detraining. 
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One can consider that with an Increase In duration of the flight 

mada,^ the intensity ot functioning af the eardiorespit^atoi'y system tre« 

came larger. For instance, the difference in frequency of cardiac 
contractions, In comparison with the preflight, were: in the CC-I +5* 

in the PE-I + 10, in the GG-II +13. in the PE-II + 17 stroke/min. The 
characteristic that the increase in intensity of cardiac activity in 
crew members of the second expedition was observed primarily in a state 
of rest deserves attention. For instance, the cardiac load index in 
the CG-II increased by 4^11, and in the PE-II by 75SS, At the same /1 24 
time, as In the members of the crew of the first expedition, this In- 
dex at rest was close to the preflight value, Gonsequently , the In^- 
crease in intensity of cardiac activity appeared primarily as a change 
in regulation in the state of rest and could not be be considered as a 
sign of worsening of the contractile capability of the heart. We ob- 
served similar changes earlier in persons who had undergone long term 
bed rest [48], 

According to the majority of indices of reactions of the cardio- 
respiratory system of the CG-I, GG-II and FE-II, they were very close 
and could relate to a single class of conditions. Ilils can be charac- 
terized as a phenomenon of detraining for conditions of Earth's grav- 
I Ity, and restructuring of regulation. Only in the PE-I were there 

I signs of detrainlrg-ifor phyaircal load which consisted of a dec’^^ease 

in ;»ni nut e volume of blood o4rculatloD^'and_9xygen requirement. If one 
correlates the difference meritioneB''lsircfr-tiie^epo:^^ th^cosmonauts 
i on the prophylactic physical exercises complet^ti^:t^':s5ax?o,’rthfTT:^^ 

can consider that it is close to the individual optdirmfiP^iir-dLhi£^ 

CC-II and FE-II. And only for the PE-I, it apparently was inadequate. 

' " On the whole there is a basis for considering that the system used for 
prevention of detraining facilitated an adequate decrease in tolerance 
of* the cardiorespiratory system to physical load. The reactions to 
physical load of the crew members of the expedition on the Salyut-6 
orbital station did not differ significantly from that of crew members 
on the Saiyi-it-4 orbital station which completed a 63-day flight. This 
makes it possible to make an evaluation of test results of physical 
load conducted after the preceding flights more precise. The cause of 
the less favorable reactions to physical load after a 30-day flight, 

1n comparison with a 63-day, apparently was not so much tht' incom- 
pleteness of adaptation reactions in the 30 -day flight as was assumed 
earlier [49] as much as it was the increase in prophylactic measures 
during flight of each long term expedition made subsequently. /I25 

Thus, the results obtained of the study glve'evidpuce of tuo 
possibility of effective prophylaxis of detraining of the cardio- 
respiratory system to physical load in long term space flight. At 
the same time, an Increase in intensity of cardiac activity with an 
Increase in duration of flight Indicates the necessity for improving 
methods of prophylactic physical exercises, providing protection of 
regulatory mechanisms during exercises from overload by increasing 
the central volume of blood. It is obvious that such impi’ovement in 
methods of physical exercise like the systemlzation of their comple- 
tion makes it possible to Improve long-term space flights evei\ inor’e. 
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2.3, Eehocax^diographlc Examination 


Echocardiography was completed according to the generally used 
method. Images of the structure of the heart at the level of the 
valves of the aorta, the mitral valve and the cord of the mitral 
valve (cavity of the left ventricle) were recorded in images. 


I 


Studies ware made in preflight and postflight periods at rest 
and during functional tests, with measured physical load (MPL) on the 
bicycle ergoineter, a passive postural test and test with negative pres-, 
sure on the lower half of the body (LBNP). 

A number of indices which characterise tiie dliueuslons and func- 
tions of the left ventricle were evaluated by an echooardiograph method: 
end ■ systolic volume of the left ventricle (ESV), end dia- 

stolic volume of the left ventricle (EDV), stroke ejection (SE) , frac- 
tion of ejection (E’E), diameter of the left auricle (DLA), thickness 
of the myocardium of the rear wall of the left ventricle (TMD) . 

The echocardlographic study during functional tests was made as 
a component part of a complex study of the cosmonauts. 

The state of the central hemodynamics preflight was evaluated 
according to the results of echocardlogimphlc study at rest and when 
conducting measured physical load on a bicycle ergoineter, gradually 
increasing to submaximum value. Changes in the indices of central 
hemodynamics when conducting bicycle ergometer tests are presented in 
Table 1 . 

In all of the cosmonauts dui*ing MPL one obsc;rvcd an Increase in 
stroke ejection in relation to the state of rest, mainly due to a de- 
crease in ESV of the left ventricle (Table 1). The degree of Increase 
was different with variations from 15% (in the flight engineer on the 
second expedition — PE-II) to 80% (in the commander of the first 
crew--CC-I). Then, one observes a significant increase in the Indices 
of contractile capability of the myocardium, in frequency of PE, which 
as a whole was reevaluated as evidence of a good functional state of 
the myocardium. The indices of the central and total hemodynamics 
and contractile capability of the myocardium in the cosmonauts at ro:-i 
and under load corresponded to t he phys Loloi';! c:i 1 age standard [8] aiui 
in the CC-I and CC-II it even exceeded It. 


According t,o the resuli i; o i’ postf light echocardiog,i‘aph1 c examina- 
tion, a tendency was noted toward a decrease in the state of rest of 
the volumes of ttio left ventricle cavity (primarily EDV) and stroke 
ejection which was observed during the first few days after landing. 
No changes in the t. hickness of Uie myocardium of the rear wall of the 
left ventricle were recorded. One noted a certain inciM^nse !n dlnon 
slons of the letl auricle ("’nbli^ 2 1 . 


As 'a seen from the Table, In the first davs of the oostfliuht perold 

the EDV In the cosmonauts was decreased by 20 - 30 % In relation to the 
preflight value, the decrease in stroke ejection amounted to b-10%. 

The decrease in lliese indices In the PE-1 was somewliat more mai'ked, 
respect. ively , by HO and 35%. 
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TABLE 1 


CHANGE IN ^’iTBASIG TIEHOBYNAl TICT INDICES IF UQSMOP AUTS OP 
THE I AND II MAIN EXPEDITIONS ON THE SALYUT-6 STn.ION 
WITH A TEST WITH MEASURED PHYSICAL LOAD IN THE PREPLIQHT 

PERIOD 



Conventional symbols, see text, 
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Expedition II Expedition 














In the Grew who had oompleted the 96-day flight, basically, the 
valu es o f the indices of c entral hemodynatnios Jaaaleally j^eovered-b^y 
day^^'aTt^e^F randlhgT Nevertheless, In the flight engineer in whom 
one observed greater changes in the first days, on day 10, the left 
auricle remained Increased and echocardiographlc studies were re- 
peated on days 30 and 70. At this time, the indices of central hemo- 
dynamics in him were fully stabilized and the value of the left aur- 
icle corresponded to the preflight. 

In the second crew, even after 5 days of the readaptation period 
the values of the hemodynamic indices reached the preflight values 
and therefore further echocardiographlc observation was not made. 

In the first days after landing, a passive posture test was con- /131 
ducted on both crews according to the clinical and physiologcal ex- 
amination program; the following method was used for these examina- 
tions ! 

— a horizontal position for 30 minutes; 

— an orthostatic position (+70®) for 10 minutes; 

— a horizontal position for 6 minutes; 

— an antl-orthostatlc position -15° — 6 minutes, 

- 30 ° — 6 minutes,, 

-^5° — 2 minutes; 

— a horizontal position for 10 minutes. 

echocardiogram was recorded in the last minute of each stage 
of the study. The data obtained ai’e presented In Table 3. 

A decrease in EDV and SE and also DLA in an orthostatic position 
viras characteristic for all the examinations. In the antl-orthostatic 
position, these indices were Increased. The ejection fraction hardly 
changed at all during the tests and only in the flight engineer of the 
first expedition did one observe a certain decrease of SE, particularly 
in the orthostatic position. One should note that in crew who had com- 
pleted the 96-day flight, during the postural test on the first days 
after lancing, changes in hemodynamics were more marked than in the 
second crew after a 1^0-day flight. For instance, in the commander 
and flight engineer of the first expedition, the SE in the ortho- 
static position decreased, respectively, by 22 to 391^, the EP(/ — by 
32 and 12 %. When examining the second crew, one noted a decrease in 
SE in the CC-II by 8 %, in the PE-II — by l^i^j the EDV decreased in 
the orthn-posltlon, respectively, by 1^ and 9 % from the initial, re- 
spectively. With repetition of the postural test in the first crew 
in the 5 days of the postflight period, the hemodynamic reaction to 
the orthostatic posl' Ion was less marked. According to the data of 
the study of the Intracardlac hemodynamics by a method of echocardio- 
graphy during a passive postural test, a printout was obtained showing 
the hemodynamic reaction to the orthostatic effect in the first days 
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TABLE 3 


THE CHANaES OP HEMODYNAMICS DURINQ A PASSIVE POSTURAL TEST 

TN THE POSTPLIOHT PERIOD 





Indices 

Horlz, 

Posit. 

Ortho- 
Posit , 

Hor, 
Pos , 

Anti-( 

ortho, 

Pos , 

Horlz , 
Posit , 

O'" ! 

+70° ; 

0° 

5 -15° 

! - 30 ° 

s -il5° 

’! 0° 


ESV 


6a 

35 

44 

41 

m 

- 

47 


edv 

CM® 

ISO 

88 

130 

130 

135 

mm 

ne 


SE 

CM® 

68 

53 

86 

m 

84 


71 

H 

EP 

% 

52 

60 

66 

68 

62 

- 

60 

C 

o 

•H 

DLA 

CM 

2,6 

1.8 

2,2 

2.7 

2,8 

3,0 

2,6 

■P 

T! 

ESV 

CM® 

20 

^30 

35 


am 

- 

mm 

4) 

O. 

EDV 

OM® 

66 

58 

74 

66 

- 


- 

w 

SE 

CM® 

46 

28 

39 

36 

- 

- 

- 


EF 

% 

70 

48 

53 

54 


am 

am 


DLA 

CM 

^3,0 

- 

- 

- 

- 

- 



ESV 

CM® 

30 

22 

32 

47 

47 

58 

am 


EDV 

CM® 

92 

79 

88 

118 

130 

130 

- 

H 

SE 

CM® 

62 

57 

56 

. 71 

83 

72 

mm 

c 

EF 

% 

67 

72 

$4 

60 

64 

56 

- 

O 

•H 

P 

DLA 

CM 

2,4 

2.0 

2,3 

2,5 

3,0 

2,9 

- 

•H 

T3 

4) 

ESV 

CM® 

35 

35 

"41 

- 

41 

38 

27 

iX 

X 

EDV 

CM® 

97 

88 

97 

- 

II3 

II3 

74 

w 

SE 

CM® 

62 

53 

56 

- 

72 

75 

47 


EP 

% 

64 

60 

58 


64 

66 

64 


DLA' 

CM 

2,5 

- 

2,3 

2,5 

2,5 

- 

2,2 


Notatior: In cases when it was Impossible to obtain a satisfactory 

recording of the echocardiograms, blanks are left in the 
Table . 
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after landing was more favorable In the senond crew In comparison 
with t he fi rst 1 .n s pi te o f th e fact t hat the second crew had co m- 
pleted a longer flight, 

Ihe changes In central hetnodynaflilcs during the test with the ere-* 
ation of LBNP was similar to observations during the orthostatic test 
a decrease In IDV, 31, DLA without changes In indices of contractile 
capability of the myocardium. 

Change? In the Intracardlac volumes and the SE during the LBNP 
have the same aspect as during an orthostatic effect but less pro- 
nounced (Table 4), 

Thus, the use of echocardiography for studying hemodynamics dur- 
ing functional tests makes it possible to discover certain principles 
and mechanisms of hemodynamic reactions whose study by other noninvaslve 
methods Is Impossible, The results of a long-term stay in a state of 
weightlessness Is a decrease in the diastolic and stroke volume of the 
left ventricles and an average reversible decrease in the functional 
state of the cardiovascular system. 

The echocardiographlc examination of tht two main crews from the 
Salyut-6 orbital station showed that a decrease in central hemodynamics 
was less pronounced and recovered more rapidly In the second crew In 
comparison with the first. 
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-2.^. Results of VectorelectrooardloKraphic Examination In Long-Term 


Space Flights on the 3alyut-6 and Soyuz Orbital Complex. 


M 


Method 

Recordings of the EKG at the 12 usual contact points was conducted 
In flight using a Polinom-2M apparatus with transmission by telemetric 
channel to Earth, and before and after flight on the Mlngograf apparat- 
us. The electrodes were fixed on the extremities using rubber cuffs 
and thoracic electrodes using a band. 

The Lamb method was used for conducting a spatial vector analysis 
[ 50 ], modified appropriately for the pur^^ose of the study [51]. 

Calculation of the angle of deflectloi' of the projection of the 

spatial vector ,on the horizontal plane from the X axis (angle H) along 
the orthogonal spherical contact, Y 2 and Ye, was made in accordance' 
with this method [52,53,5^] and based on the value of this angle and 
the value of the coordinates of X at lead 1, the coordinates of Y 
and the integral vectors of depolarization and renolarizatlon of the 
myocardium of the ventricles were cajcuiated. 

The use of the principle described of a spatial quantitative 
analysis was corrected in such a way that the evaluation was subject 
to the dynamics of valuesof direction of the vectors and not their 
absolute values which underwent local effects constitutional peculiar- 
ities and other moments. 

The following Indices were evaluated with a quantitative spatial 
analysis: the values of Integral vectors of depolarization and re- 

polarlzatlon (MQRS Rt); the angles which define the position of the 
projection of vectors in a frontal plane (angle a) and in a horizontal 
plane (angle H). 

Vector analysis of EKGs recorded in flight was made only in the 
frontal plane (the values of the projections of vectors on this plane 
MQRS and MT and angles which characterize their position), inasmuch 
as, in these conditions the thoracic bipolar leads CR were recorded. 
Taking into account that frequency characteristics of the equipment 
used in flight and during ground observation were different, the values 
of vector Indices in flight were not compared with the preflight data 
and only the dynamics was considered of these indices for the extent 
of the flight. 

Results and their Consideration 

Bloelectrlcal activity of the ’ /ocardium preflight in all four 
cosmonauts was without slgnlficar. , .eviatlons from normal. For the 
entire extent of the flight, in botn crews, the rhythm of cardiac 
contractions was sinusal, whereas under certain examinations of all 
cosmonauts (except the FE-II) a sinus arrhythmia was noted. The time 
Indices of the EKG during and after flight did not go beyond the limits 
of the physiological standard in preflight variations; only in the 
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CC-I on day 70 was an increase noted in the auricle ventricle conduc- 
tivity by 0.03 s in comparison with the preflight data. Recovery of 
this index occurred on day 18 of the postf light period. The shape of 
che electrocardiogram during and after flight, as a rule, remained 
without significant changes. However, in the CC-I lead III on day 5 
postflight, the T vmve became slightly negative (preflight and in- 
flight it was low positive or isoelectric). The ratio of the projec- 
tion of vectors of depolarization and repolarization of the myocardium 
of the ventricles and their condition on the frontal plane changed in- 
dividually in all cosmonauts. The values of the vectors in flight, 
due to deviations in operation of the calibrator in certain studies /13 < 

were not determined. 

In the postflight period, the most general change was a decrease 
in the value of the Integral vector of repolarization. This index 
on the day of landing was sharply decreased in all four cosmonauts 
(Figure 1). Later on it increased, however in three cosmonauts during 
a month of study it did iiot reach the mean preflight level. Moreover 
in the CC-I, the vector MT even after 2k hours postflight was signi- 
ficantly increased, exceeding the upper preflight level. 

A decrease in the integral vector MT in the postflight period can 
depend nn the phenomena of vegetative Imbalance which has developed and 
also possibly, reflects the presence of metabolic changes in the myo- 
cardium. After a long stay in weightlessness, the effect of Earth's 
force of gravity is a fairly strong stimulant causing a sudden Increase 
(in comparison with weightlessness) in the flow of the afferent pulsa- 
tion with mechanoi’eceptors which can activate the adrenergic system. 

As a result, obviously, a transient imbalance in the ratio of the 
tonus of the sympathetic and parasympathetic systems develops, occurring 
on a background of a strong stress effect in the descent section and 
asthenia caused by a long stay in flight. According to the data of 
[55], the adrenergic effects on a background of previous stress or 
asthenia, as was observed in hypokinesia conditions, caused a decrease 
in the voltage of the T wave and, consequently, a decrease in the T 
vector. 

The research by R. A. Tigranyan with coworkers [56] showed post- 
flight in the MC-I a high level generation of total 17-HCC [hydroxy- 
corticosteroid] from the urine with simultaneous increase in free 
17-HCC which can indicate a state of stress and facilitate a break- 
down in the process of repolarization. This affects the possibility /1 39 
of metabolic changes in the myocardium and indicates results bio- 
chemical studies after a number of long term space flights [57,58], 
in particular, a decrease in the content of potassium in the organism 
and an increase in the content of certain cai’diac enzymes in the blood. 
However, the picture observed of EKG changes precludes connecting them 
with changes in the content of these and othei* elocti'oly tes in the 
organism in an actual case. 

The value of the vector of depolarization of the myocardium of 
the ventricles usually does not undergo significant changes postflight, 
and only in the CC-I, beginning with a study on the day of landing and 
up to the 33rd day, exceeded as a rule the maximum preflight values of 
this index (Figure 1). The absence of marked changes in the value of 
the Integral vector QRS (at least the absence of a decrease) indicates 
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that under the effect of flight conditions, apparently, no signifi- /139 
cant dysfunctions of the process of depolarization were detected. 

This possibly is due to the fact that during flight systematic 
physical training was carried out in different volumes. Moreover, 
the following discoveries by our coworkers I. V. Alferova and V. P. 
Turchanlnova during flights, the Increase in cardiac ejection (rheo- 
graphlc method), the appearance of symptoms of load of the heart by 
volume and an increase' in its suction function (according to the data 
of phase analysis) involve, apparently, transfer of the fluid in the 
cranial direction and a decrease in load on the muscle system result- 
ing in a decrease in activity ^f the "peripheral muscle cores" [59] 
and can be considered as adaptive reactions facilitating maintenance 
of the cardiac muscle in good condition. 

A significant change in position of the M0R5 projection on the 
frontal plane was observed only in the CC-II in the form of a decrease 
in the a angle QRS at 15-2^° in comparison with the preflight data 
(Figure 2). A decrease in this index lasted for a month. 








» i i * » «»aeiy - ' 


Dynamics of the value of angle a QRS and a T, which define 
the orientation of projections of corresponding integral 
vectors in the frontal plane. 

Symbols are the same as in Figure 1. 
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The angle HQRS In all cosmonauts preflight and postllght was 
negative and in the postf light period, as a rule, it decreased in 
three cosmonauts but in the CC-I it was decreased only on days 2 and 
18 (Figure 3). 
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Figure 3. Dynamics of the values of angles HQRS and HT which define 
orientation of the projection of appropriate physical vec- 
tors in a horlsontal plane. The negative values of HQRS 
indicate that the vector is oriented from behind the frontal 
plane . 

Symbols are the same as in Figure 1. 


Thus, the most significant change with a marked decrease in all /l4l 
four cosmonauts of the value of the integral vector of repolarlza- 
tlon on the day of landing, which was not recovered in three of them 
after a month at the postflight examination and also a tendency toward 
a shift of integral QRS vector forward in three of the cosmonauts in 
the postflight period. As a whole, the studies made indicated that 
the changes in bioelectric activity in flight were not clinically sig- 
nificant, were not related to hemodynamics and the state of health of 
the crows. 
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2.5. Results of Dynamic Electrocardiographic Study . 
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Method of Study . 

A 3^ hour continuous recording of electrocardiograms at the DS 
contact point using a portable cardiomonitor was carried out on the 
cosmonauts V. V. Kovalenok and A. S*. Ivanchenkov in the pre- and post- 
flight period and at days 120-122 during the l^lO-day flight on the 
orbital Salyut-6 station. For a comparative evaluation of the re- 
cordings obtained ir. the preflight examinations, dynamic electrocardio- 
graphy was conducted on 10 cosmonauts who had completed space flights 
in the last 2 years. The electrocardiograms obtained, besides the 
traditional analysis (discovery of disturbances in rhythm, control 
of the ST segment position, study of the amplitude of waves R and T, 
etc.) were subjected to a special mathematical analysis. 

In each of the numbered files from the 100 RR-lntervals , a number 
of different statistical indices were determined. In a physiological 
Interpretation of the mathematical indices used in the work of cardiac 
rhythm and their mean 24-hour values according to the data of preflight 
examinations of the group of cosmonauts are presented in Table 1. The 
proposed physiological interpretation comes from the present level of 
knowledge of mechanisms of regulation of cardiac rhythm and the exist- 
ing intrinsic bibliographic data [60,61,62]. The program of mathe- 
matical analysis of cardiac rhythm was realized on an EVM [elektron- 
naya vychislltel 'naya mashina, electronic computer] type YeS-1030. 

Figure 1 shows a diagram of determination of the mathematical indices 
used according to the data of histographic and spectral analysis of 
numerical files of the RR-intervals . In this work, the average 24- 
hour values of mathematical indices are presented as well as the ampli- 
tude of 24-hour variations and Indices of synchronization of different 
indices in the 24-hour cycle. A correlation analysis was used for /l46 
evaluating the degree of synchronization. Paired coefficients of 
mutual correlation between series of hourly values of the indices were 
calculated. Also a complex index of synchronization of the processes 
was used in the form of the total of paired coefficients of correlation 
for 10 indices (the absolute values of the coefficients of correlation 
were added together) . 

Results of the Studie s and Th eir Discussi on. 

In the preflight period, certain peculiarities of the F.KO were not ap- 
parent except for a certain Increase in the T wave and a shift by 1.5 m 
upward of the ST interval in A. S. Ivanchenkov during sleep; this indi- 
cates a pronounced increase in the tonus of the parasympathetic section 
of the vegetative nervous system. On days 120-121 of flight, in 
V. V. Kovalenok, one noted a certain decrease in the T wave and an in- 
crease in the systolic Index by 6-12^. In A. S. Ivanchenkov, on days 
121-122 of flight, an unfavorable EKO reaction was apparent during 
dally physical training (lengthening of the recovery period for pulse, 
a sickle shaped ascending shift in the ST interval) and at certain 
hours variation amplitude of the R deflection with a weakly expressed 
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TABLE 1 

A PHYSIOLOGICAL INTERPRETATION OP CERTAIN MATHEMATICAL 
INDICES OP CARDIAC RHYTHM ANEr THEIR MEAN 2^<-H0UR VALUES 
ACCORDING TO THE DATA OP DYNAMIC ELETROCARDIOGRAPHY 


/Ikk 


Indices 

Physiological Interpretation M+m 

M - universal 
mean 

Mean level of functioning of the cardio- 

vascular system. 

0.87+0,0013 

0 - mean qua- 
dratic devia- 
tion (MQE) 

Total effect of regulation of cardiac rhythm 
by autonomous and central contours of con- 
trol. 

0 , 065+0 1 00 1> ' 

AMo - amplitude 
of the mode 

Index of stabilizing effect of the central 
contour of control on the autonomous activ- 
ity of the sympathetic section of the vege- 
tative nervous system. 

4X . 3^X . 

SI - stress 
index 

Index of activity of the central contour of 
control, activity of the sympathetic sec- 
tion of the vegetative nervous system. 

124,9+4. X 

AX - varied 

peak-to-peak 

value 

Index of activity of the autonomous contour 
of control, activity of the parasympathetic 
section of the vegetative nervous system. 

% 

0,28j^,004; s 

Sd - power of 
the respiratory 
waves 

Index of the activity of the autonomous 
contour of control, activity of the centers 
of the vagus nerve and the respiratory center, 

0.X6+0.002 

So - Power of 
the low-velocity 
waves 

Total activity of different levels of central 
regulation of caidiac rhythm. 

0,033+0,0002 


sinusal arrhythmia. The changes apparent in the EKG, apparently, can /1M6 
be evaluated as preclinical signs of stress on the myocardium. 

After a four month stay In weightlessness conditions, the average 
2^-hour values of the universal mean for duration of the RR Interval 
(value of reverse of frequency of pulse) proved to have decreased only 
in V. V. Kovalenok (Table 2). The amplitude of the mode was Increased 
(statistically verified) only in A. S. Ivanchenkov. The variation peak- 
to-peak value and mean quadratic deviation In both cosmonauts decreased 
but the stress Index Increased (in all cases statistically verified). 
According to the data of spectral analysis, the power of the respiratory 
waves was unchanged and the power of the low-frequency waves was statls-/1^8 
tically proven to be decreased only In A. S. Ivanchenkov. The amplitude 
of 2^1-hour variations in mean values of duration of cardiolntervals was 
decreased In V. V. Kovalfe’nok. The changes In amplitude of 2^-hour vari- 
ations of MQE, SI and AX were unltyplcal In both cosmonauts: the SI 
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Figure 1. Diagram for determining mathematical Indices 
of the cardiac rhythm with histographlc (up- 
ward) and spectral (downward) analysis of 
dynamic series of RR-lntervals . 


amplitude was Increased, the MQE amplitude and AX were decreased. /l4 8 

Synchronization of the mathematical Indices in a 24-hour cycle ac- 
cording to this Index of the total of correlation coefficients in 
flight decreased as a whole. However, there were Individual differences 
In the correlation ratio between different parameters. In V. V. 

Kovalenok, synchronization of the M-MQE and S^-^d decreased. In 
A. S. Ivanchenkov, these Indices were unchanged. When considering the 
results of mathematical analysis of cardiac rhythm one should note 
that changes common for both cosmonauts exist as well as individual 
peculiarities. The uni typical are such shifts as a decrease In MQE 
and AX, an Increase of SI and AMo, a decrease In the total coefficient 
of correlation. Changes In amplitude of 24-hour variations of MQE, 
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RESULTS OF MATHEMATICAL ANALYSIS OP CARDIAC RHYTHM IN V. V. KOVALENOK 
AND A. S, IVANCHENKOV DURING PLIGHT ON THE ORBITAL SALYUT-6 STATION 



V. V. KOVALENOK 

A. S, IVANCHENKOV 

Indices 

Preflight 

Days 120-121 
of flight 

Preflight 

Days 120-121 
of flight 

Averaf 2 ;e 24- 
hour values 





M/s/ 

0,88+0,03 

0,66+0,01 

1,02+0,04 

0,94+0,04 

MQE/s/ 

0,61+0,001 

0,046+0,003 

0,84+0,012 

0,042 i 0,00' 

mo/%/ 

43,3+2,7 

50,1+4,1 

36,7+2,8 

60,4+4,1 

AX % /s/ 

0 , 28+0 , 03 

0,21+0,02 

0,34+0,03 

■ 0,19+0,01 

Si/conv. 

unit 

129+22 

260+53 

94+21 

mm 

250+60 

St 

0,16+0,02 

, 0,13+0,02 

0,21+0,04 

0,12+0,02 

Sd 

0,03+0,006 

0,03+0,003 

0,03+0,006 

0,03+0,004 

Synchronl- 
zatlon In 
the 24-hour 



* 


cycle 

M-MQE 

0,44 

0,23 

0,45 

0,42 

SI-AX 

-0,66 

-0,78 

-0,67 

-0,65 

So-Sd 

-0,46 

-0,10 

-0,50 

-0,52 

Total 

43 

26 

58 

22 

Amplitude of 

24-hour 

variation 





M 

0,63 

0,28 

0,76 

0,71 

MQE 

0,12 

0,06 

0,22 

0,08 

AX 

0,40 

(;,20 

0,60 

0,35 

SI 

299 

IIIB 

413 

1476 
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AX and SI were uni typical. The indicated changes are evidence of an /1^8 
increase of activity of the sympathetic section of the vegetative 
nervous system, an increase in centralization of control of the cardiac 
rliythm. Certain peculiarities of the reaction were apparent in A, S, 
Ivanchenkov, An Increase in frequency of the pulse was noted in him 
(a decrease of M) as in V. V, Kovalenok, the amplitude of 2^<-hour 
variations of average^duratlon of the cardiac cycle was retained 
whereas in V. V Kovalenok it decreased. The impression is created 
that loaiaes an Increase in the tonus of the sympathetic section of 
the vegetative nervous system in A, S. Ivanchenkov, higher levels of 
control were activated which provide maintaining 2A-hour variations 
in pulse frequency and retaining mean values at preflight limits. The 
presence of statistically proven decreases in power of the low-velocity 
wave in A, S, Ivanchenkov in flight is evidence for this hypothesis /149 
Inasmuch as this means that there is centralization of control in re- 
lation to this shape of control which shows the low-velocity wave 
which we recorded in a range (up to ^0 s). 

Individual peculiarities of the reaction of the circadian system 
of the organism to conditions of long-term space flight are visually 
demonstrated by graphs of 2^4-hour changes of M and SI in the preflight 
period and on days 120-122 of the flight. Preflight, in V, V. Koval- 
enok, a short 2^4-hour dynamics of the Indicated indices is clear. In 
flight, 2^-hour variations level off and nocturnal diurnal indices are 
not distinguished. In the evening hours, a significant Increase in 
the stress index is observed. In A. S. Ivanchenkov, in flight, the 
2^-hour periodicity of both indices is retained, however, in the day- 
time there are marked variations in the stress index. One should note 
that in the postflight period, A. S, Ivanchenkov retained for a long 
time the ph.enomcna of stress of the regulatory mechanisms. On days 
8-9 postflight, the mean 2^-hour values of SI were equal to 227 ± 2 ^, 

AMo — i49.8 + 2.0. 


As a whole, the analysis of materials of dynamic electrocardio- 
graphy in crew membei’s of the second expedition on the orbital Salyut- 
6 showed that a long-term stay in weightlessness conditions results 
in a certain restructuring of the I’egulatory mechanism, in partlcularj 
the control system for eardl nc rhythm. After four months of flight, 
in tlie cosmonauts V. V. Kovalenok and A. S. Ivanchenkov, activation 
of the sympathetic section of the vegetative nervous system was ob- 
served. Moreover, characteristic individual changes were noted in 
other links of the control system for cardiac rhythm. In V, V. 

Kovaltfnok, the 24-hour rhythm of mathematical indices of cardiac 
rhythm smoothed out. In A. S. Ivanchenkov, on a background of sym- 
paticotanic reactions, one noted acti v/ation of higher levels of con- / 1 50 
L.rol of cax‘dlac rhythm. The indicated changes cannot be reevaluated 
as pathological . Apparently, there is a principal restructuring of 
the regulatory systems caused by a process of adaptation of the organ- 
ism to a new condition unusual for it. This restructuring Involves 
stress of the adaptation mechanism; the shift of vegetative homeostasis 
toward a predominance of activity of the sympathetic section of the 
vegetative nervous system is evidence of this. A furthe:’ increase In 
the time man stays in space flight conditions requires a more thorough 
calculation of the "price" of adaptation of the organism to weight- 
lessness. In this study plan, the degree of stress of the regulatoi'y 


ill 


mephwlsm and the levels of activation of control systems according 
to the data of dynamic electrocardiography take on an Important prog- 
HfiO#%ic^^valtt®T 
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STUDY OF THE MOTOH SPHERE AND THE VESTIBULAR FUNCTION 


In the complex of disorders caused by a decrease in weight load, /156 
disturbance In function of the support-motor apparatus and the system 
of motor regulation is particularly important. The data discovered>, 
after a number of previous long-term space flighty, on the statokinetic 
disorders, changes in regulation of the vertical posture, decrease in 
weight, development of muscular atrophy, vestibular dysfunctions, are 
all Inadequate for constructing a single hypothesis that satisfactorily 
explains the mechanism of change in the motor apparatus of the vestibu- 
lar function. Moreover, in long-term space flights, the question of 
predicting and correlating these changes using a scientifically based 
system of prophylactic measures acquire great significance. 

In this connection, in the 96 -day and l40-day flights, continuous 
attention was devoted to the study of the motor sphere and the vesti- 
bular apparatus. A broad spectrum of methods was used for this in- 
cluding study in flight (measurement of the mass of the bodj^ and the 
volume of the crus) and particularly, post flight. A program of 
preflight and postflight studies included an evaluation of the following: 

— muscles — according to the coefficient of electromyographic 
effectiveness of muscular contractions; 

— the leading proprioceptor inputs: support^ — according to the 

threshold of vibration sensitivity of the support zones of the foot; 
muscular — according to the threshold and other indices of the curve 
of Implication of the tendon (Achilles) reflex; vestibular — according 
to the intensity of the otolithic reflex, the value of the threshold 
sensitivity to angular acceleration, the reciprocal relationship 
between otolithic and semicircular canals; the spinal apparatus, in 
particular, the mechanism of interextremity synergy; 

— the system of control of motion — according to the data of 
cyclography of locomotor acts, stabilography and methods of studying 
the posture synergy. 

The results of anthropometric studies in flight and study of the 
vestibular and motor apparatuses postf light are presented below. 


3.1. Dynamics of Body Mass in the 1^40-day Flight / I ^7 


Method 


In weightlessness conditions, the inertia properties of the body 
are used for measuring body mass. A linear unidimensional harmonic 
oscillator was the basis for technical realisation of an instrument 
for measuring body mass in weightlessness. The body whose mass must 
be measured is attached to a spring and can move along its longitudinal 
axis. When shifting the body relative to the postion of equilibrium 


vlth its subsequent release, it completes oscillations whose T period is 
defined by the relationship: T * 2n/ff , where K ts the coefficient of 
elasticity of the spring and M is thi mass of i.ne body. 

The formula presented is true for an absolutely solid body. Due 
to the fact that the human body is a mechanical system consisting of 
solid structures and semifluid masses, it can be approximated at low 
frequencies and low levels of vibration of a linear system with a 
finite number of degrees of freedom. The presence of resonance 
frequencies in the "chest cage-abdominal cavity" field (from 3 to 6 
Hz) is the basis for selecting a frequency range of measurement from 
0.3 to 0.5 Hz. 

For increasing precision of measurement, the cosmonauts assumes 
a pose in which it is possible to regulate the degree of pressure on 
the mass meter platform. Then, the cosmonaut moves on the platform in 
the "lyingon the stomach" position, the chin rests on an extensible 
insert (for fixing the head), the hands are cn a lever, the feet 
on footboards. Using the handle located at the base of the instru- 
ment, the movable part of the instrument is tightened in a low fixed 
position with pressure of the fingers on the flip-flop catches; the 
movable part begins to oscillate in a period determined by the body 
mass of the person. Before measuring the mass, calibration of the 
Instrument is accomplished as well as control of its technical state 
by measurement of the oscillation period of a calibrated mass (movable 
part of the Instrument). Measurement of body mass of a person is 
done when holding the breath and tightening the muscles. 


Results of the Study and a Discussion of Them 


/ 158 


Measurement of body mass began to be done on the ^ith day of flight and 
by the 11th day it was carried out dally. Later on, body mass was 
measured approximately once every 2 weeks. 

On the 4th day of the flight, the equivalent value of weight 
obtained used the instrument for measuring body mass^ was decreased in 
comparison with the preflight weight in the crew commander (CC) by 
1.4 kg and in the flight engineer (FE) by 0.55 kg (Table 1, Figure 1). 
Later on in the CC, by the 22nd day of flight, weight ’ ^ss not only 
had not increased but even bad decreased and amounted to 0.31 — 1.03 kg. 
From the 44th day to the 59th day in-flight, one observed in the CC 
an increase in weight loss to 2.3 — 3.4 kg, and by days 63 — 122 the 
weight loss In him amounted to only 0.7 — 1.6 kg. The weight dynamics 
in the FE in-flight were different and were characterized by a progressive 
increase in weight loss up to the 86th day of flight. At this time, 
the weight of the FE was decreased by -5.4 kg. Later on, the weight 
loss gradually decreased and by day 122 of the flight amounted to 
3.3 kg. Then, after the flight, in the CC, the weight recovered in a 


1 

Later on, for uniformity instead of body mass, the term body weight is 
used. ’ 
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P: ire 1. Dynamics of body mass of the second main 

crew in flight 

Symbols: CC-II — Crew commander; 

FE-II — Crew flight engineer; 

- - - -Mean value of the index preflight; 
-Value of the index in flight 


period of 3 days and in the PE in approximately 2 weeks. /158 


During an analysis of the weight dynamics in flight conditions 
it is necessary to take into consideration the number of moments which, 
as one sees from further presentation, had a definite effect on weight. 

The "Excursion" operation involving work in spacesults outside the 

spacecraft, was accompanied t>y a weight loss in the CC of 0 . 7 kg and in 

the PE 0.85 kg. Completion of physical exercises on the equipment 

on board also resulted in a weight loss. Control measurement of 

mass before and after exercise is evidence of this; this was done on 

the CC on days 63 and 64 of flight and showed a decrease under the effect 

of physical exercises of approximately 0.6 kg. Finally, one should 

also take into account the role of the metabolic factor involving 

food intake. Data on weight dynamics in the PE from day 86 to 122 of / I 6 I 

the flight shows t'.ls particularly graphically. An analysis of the 

situation on day 86 of flight, when weight loss in the PE amounted to 

5.4 kg indicated that the PE did not fully require his daily ration of 

food whose calorie content was approximately 3100 kcal/24-hours , due 
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to a selective decrease in appetite for certain food products. There- 
fore* it was reconanended that one use three 2t-hour menus for the 
crew daily in order to vary the selection of food more broadly. This 
measure, and also delivery of products with the Progress-4 cargo 
spacecraft (taking into account the wishes of the crew) facilitated 
decreasing weight loss in the PE from 5.4 kg on day 86 to 3.8 kg on 
day 122. 

Finally, one should also consider that the Intensity and duration 
of physical exercises in the PE, although they were fairly high, 
nevertheless were lower than In the CC. This circumstance could 
facilitate a greater loss in muscle mass which is confirmed. In 
particular, by the slower weight recovery in the PE postf light. 

Summarizing what has been presented, one can conclude that 
during flight in the CC, one did not observe a sharp relationship of 
weight loss to duration of the flight. The, more pronounced 
weight loss observed in him on days 44 — 59 amounted to 2.3 — 2.4 kg 
and in other flight periods not more than 1.7 kg (day 86 of flight). 

In the PE the weight progressively decreased to the o6th day of 
flight (maximum at 5.4 kg) and later on, due to the measures taken 
to replace certain dishes in the menu, in relation to which there 
was a selective decrease in apetite, the weight deficit decreased. 

A study made on the l40-day flight of body weight made it possible to 
propose that the main facotrs which cause weight loss are the 
following: 

— redustrlbutlon of the fluid media of the organism which, in 
accordance with modern concepts, results in a loss of certain parts 

of the fluid in the organism; / l62 

— periods of high physical activity; 

— inadequate compensation of metabolic loss of the food rations 
which can occur due to different causes; 

— varied stress effects, in particular, emotional stress in 
critical operations, for instance "Excursion” or descent of the 
spacecraft ; 

— loss of muscle mass as a result of inadequate load on the 
muscle system as a whole and separate muscle groups separately. 


3.2. Change in the Volume of the Crus In Flight 

The volume of the crus was evaluated using a specially developed 
measuring instrument. The measuring tape placed on top of Its elastic 
section made it possible to Judge the value of the parameters of the 
crus at 8 levels, 3 cm from each other. On the basis of the hypothesis 
that segments between the measuring tapes are truncated cones, the 
volume of the section of the crus 24 cm long was determined as the 
total of 7 truncated cones. 
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During the flight, In the CC-I, studies were made on dayu 6, 

^*1 and 91 and In the FE — on days 6, 13, 29, 4l and 91. At the same 
time In both cosmonauts, members of the second main crew, the 
volume was measured on days 4 — 11, 22, 82, 97, 102, 111 and 120. 
Moreover, Just In the CC-II, on days 31* 38, 4o and 56 and In the 
FE-II on days 39 and 59. In all of the cosmonauts, studies were 
made In the background period (BP). Changes In volume (In relation 
to the background) were evaluated In relative (%) and absolute (cm^) 
values. 

In the l40-day flight, the volume of the crus In both cosmonauts 
decreased and In the first 11 days of flight by not more than 11 — 13!?. 
On days 8o — 100, the volume of the crus progressively decreased In 
the CC-II by 23.0?, In the FE-II by 19.6? and stabilized later on. 

In the 96 -day flight, the decrease In volume of the crus did not depend 
on the duration of the flight and its deficit amounted in the CC-I 
to 17 — 20?, and in the FE-I to 9 — I 6 ? (Figure 1) [Sic. Figure 2J. 
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Figure 2. Dynamics of volume of the crus In the 
second main crew In-flight. 

Symbols; CC-II — Crew commander; 

FE-II — Crew flight engineer; 

- - - -Value of the Index preflight; 
Value of the Index In-fTlght 
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3.3. Study of the Motor Apparatus and the Motor Regulation System 
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Method 


The ”Mlotest” method based on determining the electromechanical 
effectiveness of muscle contraction was used for evaluating the state 
of the muscles of the crus and femur. It Ip well known that the 
relationship between the muscle strength developed and the value of 
the Integrated myogram has a linear character. It is also well 
known that when decreasing contractile properties of the muscle, 
amplitude of Integration of the EMG when carrying out the standard 
force increases as a result of increase In the number of contractions 
of the motor units involved, the increase In frequency of their 
stimulation and synchronization of their activity. Starting from 
these suppositions, the main criterion of evaluating the functional 
state of the muscles studied In the Miotest method Is the coefficient 
of electromechanical effectiveness (EMEM) which Is calculated as 
the ratio of the value of Integrated EMG to the value of standard 
load prescribed for the muscles of the crus by a spring pedal, and 
for the femur by an additional load attached to the malleolus. 

The motor task when testing the state of the muscles of the crus 
Involves completing a series of plantar flexions with small amplitude 
and strength. A light signals the adequacy of the amplitude; when 
it switcher, on it Is the signal for the beginning motion and when it 
switches off Indicates an adequate level of flexion. The value of 
load then amounts to 5 and 7 kg which at a given amplitude does not 
exceed 8 — \ 2 % of maximum force. The motions are carried out In dy- 
namic and static states; In the first case, a series of sequential 
motions Is tested and In the second case, having made the flexion, 
this position is maintained for 15 seconds. In both cases, the EMG 
of the m. gastrocnemius and the m. tibialis anterior, Is recorded. During 
testing of the muscles of the femur, the test motion is bending the leg / 165 
at 120® (position lying down) to full straightening with subsequent 
holding of this position for 5 — 8 seconds. Inasmuch as the quanti- 
tative character of the connection between the value of the EMG and 
strength In test conditions changes depending on a number of factors 
including the initial length of the muscle, testing is done In 
standard conditions lying down with fixing of adjacent Joints for 
operation of extremities. 

The state of the support input of the foot was Judged according 
to "-he threshold of vibration sensitivity of the support zones of the 
foot. As is well known, vibration stimulation is one of the most 
adequate and effective stimulants of the mechanoreceptors ; the 
essence of their effect involves conversion of mechanical energy of the 
stimulation to a bioelectric signal. The Pater-Pacinl corpuscles, 
highly sensitive to vibration stimulation, are concentrated in a human 
in the subcutaneous fat of the support zones, in the medial and lateral 
tactile cushions of the foot, in the field of the calcanean tuber, 
to a lessor degree in the medial edge of the sole and in the cushion 
of the large toe. At these points, the "Vlbrotestr" instrument 
determined the threshold of vibration sensitivity at three frequencies 
of stimulation: low — 63 Hz, average — 125 Hz and high — 250 Hz. In 
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field conditions, the minimum threshold of excitation, of the support 
receptors was detected at a frequency of 100 — 120 Hz and adjacent 
multiple values — 60 Hz and 250 Hz. With damage to the receptor 
apparatus, the range of frequencies perceived decreased sharply. 

An evaluation of the state of muscle input and mechanisms of 
spinal regulation involved with it was based on determining the 
parameters of the curve of Involvement of the tendon reflex of the 
m, gastrocnemius (Achilles reflex). Selection of this test was 
based on its simplicity and quantity of information. The tendon 
reflexes in man are well known. Numerous studies Indicate their 
monosympathetlc nature, their close connection to the system of 
muscular reception, and establishes their similarity to the classical 
tension reflex, whose functional organization was analyzed in detail 
(Figure 1). 

For constructing the curve of implication which reflects the re- 
lationship of amplitude of the reflex to the strength of the stimulus, 
strokes on the tendon calibrated according to the force were used. A 
small hammer with a built-in sensor for recording the intensity of 
the effect were used for the strokes. Electromlographlc responses of 
the m. gastrocnemius and the m. tibialis anterior were recorded by 
surface electrodes. The standard state of experimental conditions 
was achieved by standardization of the position of the test subject 
(lying on his stomach) and the position of the stimulating effect and 
contact electrodes. In the curve of implication, thresholds of the 
reflector x*esponses were analyzed with maximum amplitude and steepness 
of its Increase. The indicated parameters are not Interconnected but 
reflect the different properties of the motoneuron population: ex- 

citation of both threshold elements of the pool (threshold), exci- 
tation of high threshold motoneurons (maximum amplitude) and the 
uniformity of the population (gradient of Increase of amplitude). 
Comparing the characteristics of the curve at rest and when completing 
t..e motion with the other leg maintaining the position of the dorsal 
and plantar flexions. It was possible for us to evaluate also the 
state of intersecting synergies — one of the main spinal mechanisms 
playing an Important role in organization of locomotor acts. 

The state of control of motions was Judged according to the data 
of stabllography , results of studying postion synergies and indices 
of cyclography of walking and Jumping. Stabilography was conducted 
by a standard method using a stabllographlc platform, a tension In- 
tensifle^r and an ink recorder. Recording of the stabilograms was 
carried out during 3 (preflight 6) minutes of which the first minute 
(2 preflight) the test subject stands in a comfortable stance with 
open eyes, in the second — with closed and in the third in the Romberg 
position) with arms extended in front and eyes closed. An example of 
analysis in the stabllogram was the frequency of oscillation of the 
overall center of gravity of the body (OCGB), calculated in percentage 
points of the total quantity of oscillations in the test. Besides 
this, the stability of the test subjects was determined according to 
the indices of the test with the application of stimuli causing the 
body to lose equilibrium. External perturbations created measured 
Jolts on the chest; they were provided randomly to the test subjects 
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T -reflexes 





Figure 1. Diagram of the arc and examples of a recording 
of the tendon reflex. Symbols are on the Figure. 

**[Translator ' s note: These abbreviations are not referred 

to in text]. 
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while the test subject sharply (or slowly) raised a leg In response to /168 
to a signal, keeping pressure on the plane of the support. Stability “ 
was evaluated according to the time of recovery of the equilibrium 
position. - 

It is well known that a dlstuibance In equilibrium which Inevltlbly 
must result from any perturbation (external or random) pushing the body 
out of an equilibrium position, prevents a correction activity of the 
muscle apparatus. Complex motor reactions organized precisely In 
time and space and which provide stability of the body, are called 
posture synergies. Studying the EMG of the muscle of the crus, the 
m. tibialis anterior and m. gastrocnemius, when standing and when 
carrying out the tests with perturbations. It was possible for us to 
evaluate the state of the control systems of posture synergies. Then, 
besides qualitative data on distribution of muscular activity precise 
quantitative Indices could be obtained which characterize perturbation 
of the system: the thresholds of reaction. Its amplltudlnal and time 

characteristics, correlated with measured stimuli, etc. 


Results of Studies and Their Consideration 


The studies made showed significant changes postfllght In the st'-te 
of all of the links tested In the motor system. 

According to the data of neurological and anthropomorphic studies. 

In the cosmonauts there were certain dysfunctions of the muscular 
periphery: a decrease in muscle tone, a small decrease in circumference 

of the crus. In the flight engineer (PE) — pronounced atrophy of the 
long muscles of the spine. Data of the Mlotest then was nonuniform 
and one detected a pronounced variation in the Indices of the electro- 
mechnlcal effectiveness of the muscles from test to test, a tendency 
to Increase electromyographic cost of muscle exertion, an Increase In / I 69 
the process of coactivation of the muscles. In the crew commander (CC) 
postfllght, one noted a marked and proven Increase in the cost of 
exertion for the m. gastrocnemius when carrying out a static test 
(Figure 2). This Increase was stable and was maintained until the 
42nd day. The Index of the electromechanical effectiveness of this 
muscle changed also In the dynamic test; however here these changes 
were not so large or constant. Postfllght when operating In a dynamic 
state the antagonists fitness Increased significantly (coactivation): 
the value of the Integrated myogram of the m. tibialis anterior 
exceeded the preflight by 4.5 times and more. The electromechanical 
cost of static work of the m. quadriceps femorls postfllght not only 
did not Increase but even decreased (Table 1) . 

In the PE, In whom according to the data of clinical examination 
the muscular changes were significantly less precise, the results of 
the Mlotest were more varied. The marked Increase In expenditure of 
static and dynamic work of the m. gastrocnemius was noted only on '-he 
9th day. On this same day, an increase was observed in the electro- 
myographic Index of the m. quadriceps femorls. On other days (days 2, 

25 and 42 for the m. gastrocnemius, on days 25 and 42 for the m. quadri- 
ceps femorls) the Mlotest indices were even decreased. As in the CC, 
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Index of effectiveness of EMG 

■■ ■ < n I frt 


• I 


/170 


CC 



■ 4 -> 

c 


PE 





Figure 2. Index of electromechanical effectiveness of the 

muscle contraction. 

Along the axis of the absclssa--days of the study. Along 
the ordinate axis — the Index of electromechanical effective- 
ness (for dynamic conditions) and the total value of an 
Integrated EMG (for static states). 
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postflight In the FE, a tendency toward coactlvatlon of the muscle / 169 
groups increased: the value of the Integrated myogram of the m. 

tibialis anterior when 'arrylng out plantar flexion Increased on the 
?nd and 25th postflight days by ^—5 times. 

Thus, briefly summarizing the results of this section o e can 
conclude that the Mlotest does not show rough changes In the contractile 
properties of the muscles being tested. The peculiarities of the dy- 
namics of the test indices In the PE could be due, apparently, to two 
circumstances ; 

— the high level of electromechanical cost of exertion In the / II 2 
preflight studies which was the result of a high level of stress In 

this period; 

— nonstandard conditions for testing on the 9th day, Immediately 
after a long absence from work. 

An evaluation of the state of the proprioceptor Inputs showed a 
sharp tendency toward hyperreactivity of the motor systems. In the 
CC on the second postflight day one noted a significant decrease in 
the thresholds of vibration sensitivity in all the support points of 
the foot In all ranges of frequencies tested. An Increase in sensi- 
tivity was found and retained for all frequencies up to the 25th and 
for the o3rd , 125 Hz up to the ^2nd day. At the same time. In 

the first postflight test, one observed a sharp decrease In the 
thresholds of muscular sensitivity: thresholds of the tendon reflex 

amounted to less than 200, Og together 900 , 0 — 1200 , Og pr<»^light 

(Figure 3). In distinction from ordinary states of hyperreact^ ty, 
the decrease of thresholds of the reflex was accompanied by a mar»ved 
decrease In maximum amplitude of the response, stably retained up to 
the i<2nd day of the study (Figure 4). The Interextremity reflector 
effects were significantly disturbed postflight: random extension of 

the m. gastrocnemius (dorsal flexion) of the other foot, preflight 
which caused a deep suppression of the reflex (Figure 3), now does 
not have a significant effect on its amplitude. Disturbance of 
thresholds and mechanisms of the interextremities synergies were 
temporary and levelled off completely by the 9th postflight day. 

The data of studies on the FE In this section were similar to 
data on the CC. The only exception was the results of determining 
the tiiresholds of sensitivity of the support and muscle inputs 

which Indicate not an Increase but a decrease In sensitivity. As In 

the Mlotest case, this change in the sign of the effect was, obviously, 

the result of relative Inadequacy of the control values of the 

parameters studied obtained on days of rigorous prelaunch operations 
when the reactivity of the cosmonauts was increased (see the low / 175 

values of the T-reflex preflight). 

Briefly summarizing the results of studl - In this section, one 
can conclude that a lengthy flight caused a Significant increase in 
reactivity of the main proprioceptor Inputs (similar changes in 
thresholds of the otolithic reflex were obtained by a group of 
coworkers who studied the state of the vestibular apparatus; see the 
appropriate section on response) . This increase in sensitivity was 
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Figure 3. Diagram tvlth dots showing the results of study- 
ing the tendon (Achilles) reflex in the CC. 

Along the axis of the abscissa — intensity of the stimulus, kg. 
Along the ordinate axis — amplitude of the reflector response, 
mV. 

Dots — the value of the T reflex at rest: triangles — the same 

when flexing the other foot. 
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Figure Threshold and maximum amplitude of the tendon reflex 

Along the axis of the abscissa — days of the study; along the 
ordinate axis — intensity of the threshold stimulus, kg and 
stimulus, kg and maximum amplitude of the T-reflex, mV. 



temporary and caused, apparently, not by the periphery, that is, / 

changes in the pronerties of the receptors at the center which 
changed sensitivity to the signal being studied. Using this hy- 
pothesis the fact that a similar decrease in thresholds of muscle 
reflector reactions was noted in the test subjects after immersion 
hypokinesia in experiments with testing the H-reflex is important; 
here the stimulus was not the receptor but directly the motoneuron. 

The shifts in mechanisms of the interextremity reflector interactions 
postflight were as Jeep and short lived, ^e should not exclude the 
fact that the basic one of these was the changes considered above 
in reactivity of the spinal system. Moreover, the marked flattening 
of the curve of implication noted in both co/"monauts and the stable 
decrease in maximum amplitude of the reflex indicated a decrease in 
the number of motoneurons Implicated in the reflector contractions. 

At the present time, we do not have data available to make it pos- 
sible to correlate this phenomenon with any kind of concrete mechanism. 
However, inasmuch as the examinations did not show large muscle 
atrophy in the crew members, one can think that it had a functional 
character and reflected a decrease in sensitivity of the high 
threshold (phase type) motoneurons to muscular afferent input. 

Particularly deep and long term disturbance were apparent 
postflight in the activity of the system of motor regulation. The 
first of these stabilographic studies showed marked changes in the 
structure of the stabilographic curve. While preflight the stabilo- 
grams of both crew mwmbers were characterized by polymorphous varia- 7 176 
tions, including waves I, II, III magnitude, certain individual 
pefculiaritles of the frequency spectrum were apparent such as: 
pr'edominance of oscillation with a period of 0.2 — 0.5 s in the CC 
curves and oscillations of the tremor type (7 — 8 per second) in the 
FE (Table 2) post flight the dominant oscillations became high 
frequency oscillations of the tremor type recorded both in the 
comfortable and the load positions (Figure 5). As is apparent in the 
drawing, pref light in the CC, the oscillations of this type were not 
recorded at all, in the FE curves they were apparent, however the 
amplitude of the v;aves was insig.ilf leant . In the EhG of the m. gas- 
trocnemius and the m. tibialis anterior, these oscillations cor- 
responded to a rhythmic group activity at a frequency of 3 — 9 per 
second. The amplitude of the electromyographic volleys was greater 
by two than the control, reaching 200 yV and more. Then, in the CC, 
the activity of the m. gastrocnemius was predominant and in the IE — 
the m. tibialis anterior, the activity of the m. gastrocnemius in 
this case was suppressed. The most pronounced changes in the posture 
stability were detected when conducting tests with stimuli. The 
time for recovery of equilibrium both with external and with randomi 
disturbances of the equilibrium position were proved to be increased 
to 1 — 2 s for external and to 3 — 5 and more seconds for random per- 
turbations (Figure 6). Recovery of the OCGB position was accomplished 
with ’'reregulation, " involving a large excess of correction forces. 

All of the shifts described were stable and were recorded up to che 
42nd day of the study, although their expression gx-adually disappeared. 

The electromyographic analysis of correction responses to external and 
random perturbations indicated that a decrease Jn posture stabllty in 
the cosmonauts was closely connected, and apparently, caused by deep 
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TABLE II. THE FREQUENCY SPECTRUM OF THE STABILOGRAMS OF THE SALYUT-6 CREW PREPLIGH^;" AND 

POSTFLIGHT 




i/] Stanctlng with eyes closed; 


[T[ Romfcerg-posltlon 

figure 5. Dynamics of the high frequency component In the structure of 

*ne stablloffram 

13 ^ 



Background 


£s 



Figure 6. Time of compensation for perturbation of external (1) and 

random (2, 3) 






disturbances in the position synergies. Preflight, the electromyo- / 176 
graphic response to measured jolts to the chest was characterized by 
a high amplitude stimulus of the flexor which occurred 60ys after the 
Jolt and a slowing down of the EMG of the extensor, beginning some- 
what earlier and lasting longer than the activity of the flexor / l80 

(Figure 7). The amplitude and duration of the electromyographis 
response showed a direct relationship to the force of the stimulus, 
the thresholds of the responses in our studies amounted to 6 and more 
kg. 

Postf light, the thresholds of the correction responses were 
noticeably decreased, reaching three or less kg; their amplitude 
and duration sharply Increased then the flexors and extensors opera- 
ted synchronously (Figure 7). When completing random deviations, the 
position restructuring which provides stability of the body position 
were completed with a large delay (400 — 500 ms and more as opposed 
to 200 ms preflight), their drawings, amplitude and duration did not 
correspond to the parameter of local motion and altogether they did 
not provide reliable stability and rapidity of the recovery of the 
initial position. Similar changes in the position synergies were 
noted in the FE. However, in distinction from the CC, the amplitude 
of the electromyographic stimuli of the flexor in the FE was not 
increased but was significantly decreased; even deeper were his 
disturbances in position synergies when completing random deviations. 

The shifts noted in characteristic posture synergies were recorded, 
gradually attenuating, to the the 42nd day. The process of their 
recovery had all of the characteristics of retraining. 

The studies carried out successfully demonstrated the indepen- 
dence of the shifts caused by a long-term stay in weightlessness in 
a state of different links in the motor system: the least deep and 

longest were changes in the muscle length, the largest in the system 
of regulation of whole coordinated acts. This result of work which 
we consider basic, in turn, shows self containment, and independence 
in the nature of the dysfunction recorded in different links and 
consequently, differences in the mechanism of their development. 


3.4. Studies of the Vestibular Function and the Function of Perceiving / l82 
Space 


Method 


When conducting the study the following were determined: 

1. The Intensity of the otolithic reflex according to the value 
of counterrotation of the eyeball using a visual sequential method 
when transferring from a vertical position to a horizontal (from the 
right to the left side) — a modification of the method of indirect 
otollthometry according to Fischer and Fluur [1, 2]. 

2. The function of the semicircular canals according to the 
value of the thresholds of sensitivity to angular acceleration (ac- 
cording to the nystagmus and sensory component) using an automatically 
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rotating armchair. The perception of change in the value of an- / 182 

gular velocity were determined at a constant value of effective 
angular velocity l®/s2. 

3. The degree of expression of reciprocal ratios between the 
otolithic organ and the semicircular canals (according to the nystagmus 
and sensory component) using the "otolithic reaction" (OR) test of 
Voyachek Cmeasured effects of angular acceleration with subsequent 
measured stimui of the otolithic apparatus). 

4. The function of perception of spatial coordinates (gravita- 

tion verticals and horizontals) using the Vertical instrument [3l in 
the following positions: sitting, in horizontal position on the 

right and left sides. 

5. The level of vestibular vegetative stability according to 
the expert program of clinicaL and physiological examinations, the 
transferrabillty of the complex of tests with the predominant effect 
on the vestibular system (cumulative effect of Coriclus acceleration 
according to the Bryanov method, cumulative effect of straight line 
accelerations on the fourth rolling rod of Khilov, measured effect of 
the optokinetic effects with transfer of the test subject to an un- 
stable support, measured effect of angular acceleration — the Barani 
test). 

The otolithic reflex, thresholds to angular* acceleration and 
the function of perception of spatial coordinates were studied 3 and 
5 times with a background examination (on days 30 — 45 preflight) and 
a similar number of times on days ]. — 2, 4 — 5, and 8 — 9, and they 
were studied 1 or 2 months postflight . 

Determination of the level of the vestibular vegetative 
stability was conducted fully for days 60 — 45 preflight and for days 
3 — 5 before the launch — according to the transferrabillty of the 
Barani test and the Voyachek OR test, and according to the completed 
expedition on days 4 — 5 and 8 — 9, and also according to the trans- 
ferrabllity of the Barani and Voyachek OR tests. 

Studies were conducted on crew memeber of two long-term 
expeditions on the Salyut-6 station: the length of the flight for / l83 

the first expedition was 96 days and for the second, l40 days. 


Results and their Consideration 


Data of Background Examination 


During background examinations, the indices of Intensity of the 
otolithic reflex in all the cosmonauts was within limits of variation 
of the physiological norm (N = 12° +7°) established using this 
Instrument and corresponding to 5°— 12°. The otolithic reflex in 
all, except the commander of the first expedition, was, as a rule 
symmetrical for the value of asummetry (A) did not exceed the boundary 
of the physiological spread (NA less than 4°) and amounted to 2° — 3°. 
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In the commander of the first expedition, the otolithic reflex in the 
background was asymmetrical and its value exceeded the physiological 
spread (on the right side -2®, on the left -10® ). 

The initial values of the thresholds of sensitivity to angular 
acceleration in all of the cosmonauts, except the commander of the 
first expedition, were within limits of physiological variations of 
this index obtained with mass examination on a given test stand for 
vestibular stability of healthy persons (N ■ 2®— 6®) and corresponded 
to 4®»*-6® . The values of the acceleration thresholds were practically 
symmetrical Ca did not exceed 2®). In the commander of the first 
expedition, the thresholds for angular acceleration were increased to 
11® and were asymmetrical (A ■ 6®). 

The indices of precision of perceiving spatial coordinates with 
background studies in all, except the flight engineer of the first 
expedition, lay within limits of variation of the physiological norm 
(for the vertical position 0 — 1°, for the lateral horlzonatal — 18® +5®). 

The difference in errors in perceiving spatial coordinates in the 
lateral positions: either were absent or were within limits of physlolo-: 
glcal asymmetry— less than 5° (A less than 5°). In the flight engineer 
of the first expedition of the Salyut-6 station errors in perceiving 
spatial coordinates in lateral positions exceeded the spread of the 
physiological norm (in the position on the left side — 32°, on the 
right— 28°). 

Studies in the background period of the reciprocal ratios between 
the otolithic organ and the semicircular canals showed in all, except 
the flight engineer of the first expedition, a normal interaction 
between them (a decrease in vestibular somatic and vestibular 
sensory reactions was within limits of 1/3). In the flight engineer, 
with a tilt of the head after rotation, slowing of the reactions was 
absent in the semicircular canals. 

During analysis of materials of the study, data of the expert de- / 184 
termination of vestibular stability obtained during the primary selec- 
tion were taken into consideration, that is, the preflight period of 
examinations for all cosmonauts had uniformly high indices of vesti- 
bular vegetative stability as the result of systematic vestibular 
training conducted according to an individual plan in the training 
process. In three cosmonauts out of 4, with primary vestibularometric 
examlnatiom? , the average level was determined of vestibular stability 
that is,; vegetative reactions of average and mean expression at the 
end of the research were recorded in them. 


Subjective Characteristics of the Effect of Flight Factors on the 
Systems Studied 

All of the cosmonauts of both expeditions in the first 24 hours 
of flight showed an illusory reaction of an inversion type: in the 

flight engineer of the second expedition this reaction occurred 
after 2 hours in weightlessness; in the others — immediately upon 
entering weightlessness. Two of the flight illusions were successfully 
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fixed to some kind of object, fixed to the armchair or elements of 
autotraining. At first the Illusion occurring lasted for several 
minutes or up to 4 hours, later on In flight they again occurred 
episodically, most often at a moment of Intensifying motor activity 
or under the effect of optokinetic stimuli. The perception of 
’•blOQd congestion” In the head was noted In all cosmonauts l.!5 — 2 hours 
after transfer to weightlessness and this reaction lasted more or 
less markedly for a period of 5—7 days. During the first 3 days 
both the commander and the flight engineer In the first expedition 
noted vestibular discomfort when moving the head In the form of 
dizziness, slight nausea, and a more marked vestibular vegetative 
discomfort In the commander of the first expedition. A stronger 
but shorter (3 day) period of adaptation occurred In the crew com- 
mander of the first expedition, less marked but more perslste.nt In 
the flight engineer of the first expedition, less marked and shorter — 

In the flight engineer of the second expedition. For 10 days before 
completion of the flight, the commander of the second expedition 
again had a slight vestibular discomfort when Increasing motor 
activity ( turning the head and torso). 

After landing, all of the cosmonauts for the first few days 
noted statokinetic disorders In the form of Instability In the 
Romberg position and sweating when walking; In both commanders, be- / I 85 
sides the statokinetic disorders, one observed marked vestibular 
vegetative disorders: dizziness, nausea, tendency to vomit, par- 

ticularly increased with movement of the head in a vertical position. 


Data of Postflight Examination 


Postflight examination of the crews of the longterm space expedi- 
tions made it possible to discover the following peculiarities of the 
functions studied. 

Combined data of the indices of the functions studied are pre- 
sented In Tables 1 and 2, and the dynamics of separate indices In 
Figures 1 — 3. 

In the first and second days postflight (Figure 1) stimulus of 
the otolithic apparatus occurred with testifies to the two-sided 
(in the crew of the second expedition) or one-sided (in the crew 
of the first expedition) hyperref lexla of the otolithic reflex. A more 
pronounced Increase In the otolithic reflex was noted in members of 
the second expedition ( 3 — 5 times in comparison with the background). 

After flight In all of the cosmonauts, but more pronounced In the 
commander of the second expedition, one observed the phenomenon of 
asymmetry which in both flight engineers and the commander of the 
first expedition developed due to an increase In the reflex in the 
position on the right side (D > S by 4° — 8 ®) and in the commander of 
the second expedition — due to hyperref lexla in the position on the 
left side (S > D by 12°). In this period, all of the cosmonauts 
expressed complaints of statokinetic disorders which, In subsequent days 
were confirmed by objective stabilographic studies. 
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Figure 1. Dynamics of the otolithic reflex postflight 
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When examining the cosmonauts on the 5th days, in all of them 
except for the flight engineer of the second expedition, one noted 
a tendency toward normalization of the reactions and a decrease in 
asymmetry. Practical normalization of the indices of the otolithic 
function in the commander of the second expedition occurred on the 
9th day post flight, in the commander of the first expedition, after 
a month and in the flight engineer of the first expedition on day 32 
postflighr- again asymmetry was apparent in the indices of the otolithic 
reflex, whose direction coincided with that observed in the first 
days postflight. Unfortunately, no further study of the otolithic 
function in this cosmonaut was made. 

In the flight engineer of the second expedition, a recovery of 
the indices of the otolithic function occurred more slowly with a 
study on the 5th and 9th days postflight there was no tendency 
toward normalization of the reaction and only during studies after 
two months did the otolithic reflex correspond to the background 
data. 


A study of sensitivity toward angular acceleration was apparent / 189 
CFigure 2) in the crew of the second expedition in short term changes 
in the functional state of the cupulary apparatus which is 
characterized by an increase, particularly in the flight engineer 
(from 5° to 15°) in the thresholds, that is, a decrease in sensitivity 
and the appearance of asymmetry (A less than 5°). 

In the crew of the first expedition, the increase in thresholds 
of acceleration perceptions in the first days postflight were practically 
absent. However, during studies on the 5th and 8th days, a manifesta- 
tion of significant asymmetry was noted (a 6°) in the threshold of 
sensitivity to angular acceleration which was retained in the com- 
mander a month postflight. 

As to the interrelation between the otolithic organ and the 
semicircular canals postflight, reciprocity was observed in all the 
cosmonauts except for the flight engineer of the second expedition. 

A slowing reaction was absent in him with the otoliths on the 
nystagmus and illusory reaction with the semicircular canals during 
a shift in position of otoliths relative to the vector of gravitation. 

When studying the function of perception of spatial coordinates 
in all the cosmonauts shifts were noted in the sensory sphere (Figure 
3), characterized by the development in three cosmonauts of a sig- 
nificant asymmetry in error in perception of the gravitational vertical 
from lateral positions (a from 11° to 13°) and by a change in charac- 
ter of the direction in members of the crew of the first expedition 
in comparison with the physiological asymmetry observed preflight. 

In the commander of the second expedition, in a sitting position, an 
increase in error was noted up to 3° (in r,he background 0.5° — 1°). 

Vestibular vegetative stability which preflight in all of them 
was high, postflight in the flight engineer of the second expedition 
was decreased, that is, when conducting test rotational vestlbulometrlc 
tests (the Barani and Voyachek OR tests) a vestibular vegetative re- 
action was noted in him of the first degree (dryness in the mouth. 
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frequent deglut Itory motions, paleness of the skin. Increased cardiac / 189 
rhythm on the FKG). 


Thus, the results of the studies made give evidence of the change 
of sensory systems and, in particular, the vestibular analyzer under 
the effect of space flight factors. 

In spite of the small quantity of observations one can talk to a 
certain degree about changes of unltypical directionality and about 
individual reactions. 

Reactions noted either in all or in the 3rd and ^th examinations 
can relate to a shift in a common direction: 

a) signs of excitation of the otolithic organ; 

b) a decrease in sensitivity of the cupulary apparatus; 

c) asymmetry of most of the Indices studied (otolithic reflex, 
threshold of sensitivity of the canals, precision in perceiving 
spatial coordinates); 

d) development of illusory reactions in flight. 

The following are individual reactions: 

— t’le degree of expression of changes; 

— dynamics and time periods for the readaptation period; 

— the development of a vestibular vegetative symptomo comp lex in 
the period of initial adaptation to weightlessness; 

— signs of a decrease in the vestibular vegetative stability 
postflight ; 

— change in reciprocal ratios between with otolith organ and 
the semicircular canals. 

The studies made, data of preceding flights [^4, 5 ] and model 
experiments [ 6 ] do not make it possible to definitely show mechanisms 
which record shifts. 

Apparently, a complex of factors is important: a breakdown in 

the functional systemization in the work of the analyzers, hematic 
spinal fluid dynamic shifts, and also change in the regulatory 
effects in conditions of space flight. 

The data which we obtained give evidence, on the one hand, of the 
necessity for further development of prophylactic measures both on 
Earth and on board the station, and on the other hand, deepening of 
our studies including conducting flight experiments with the par- 
ticipation of cosmonauts and animals for a detailed understanding of 
the mechanism of the changes which have occurred. 
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PART it 

BIOCHEMICAL, HEMATOLOGIC, IMMUNOLOGIC AND MICROBIOLOGIC STUDIES 


The studies made during and after cosmic flight of varying / 195 

duration showed a number of principle biochemical. Immunologic, 
hematologic and other changes of the Internal media of the organism 
and also automlcroflora of the Integuments and mucous membranes. As 
a whole, the changes observed cm be considered as the result of 
restructuring of the basic functions of the organism as a result of 
adaptation to a long stay In weightlessness, and also to subsequent 
adaptation to conditions of Earth's force of gravity. The study of 
morphology and the function of erythrocytes was particularly Impor- 
tant In space flights lasting 96 and 140 days. This was due to the 
circumstance that preceding studies had shown in-flignt and postflight 
shifts in the form of a decrease in the erythrocyte mass, total mass 
of hemoglobin, the content of reticulocytes, changes in the number and 
shape of erythrocytes. Moreov-er, it is well known that the average 
duration of life for erythrocytes amounts to 120 days. Therefore it 
was Important to study their function after a 1^0-day stay in weight- 
lessness. It is natural that long space flights also can 
not - Indicate a state of immunologic reactivity which made the 
conduct of Immunologic studies necessary. These studies were directed 
not only at immunoreactivity and autoimmune changes but also to 
discovering hypersensitivity to a number of allergens of bacterial 
and chemical origin. 

Studies of the state of automlcroflora of the integuments of 
the intestine were particularly done, mainly, according to the results 
of postflight examination. 

Later on, results are presented of biochemical studies, research 
on water-salt exchange and the function of kidneys, hematologic, 
immunologic and biochemical studies made during and after flight of 
the main expedition of the orbital Salyut-6 and Soyuz complex. 


A.l. Results of Biochemical Studies 
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Biochemical studies made according to the program of the first 
main expedition on the orbital Salyut-6 station (OS) clearly showed 
that in cosmonauts who spent 96 days under the effect of spaceflight 
factors, definite changes occur in the biochemical Indices, mainly 
similar to those which were noted earlier with shorter flights [1]. 
These changes are chara'iterlzed by restructuring of the metabolic 
processes directed at maintaining homeostatls of the organism during 
long stays in weightlessness and during the period of readaptation to 
conditions of Earth's gravitation. 

The purpose of the biochemical studies completed according to the 
program of t-he second main crew on the Salyut-6 OS was the study of 
character and direction of exchange processes and the state of the 
main regulatory systems of the organism of the cosmonauts, done in 
the l40-day spaceflight. 
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In this section, the following abbreviations are used; K.V.V. — 
cosmonaut V.V. Kovaienok; I.A.S. — cosmonaut A.S. Ivanchenkov. 


Materials and Methods 

The material for conducting biochemical studies was venous 
blood (serum and plasma) and the daily urine. Conclusions on the 
state of the main processes of the metabolism of the cosmonauts are 
based on a comparison of the results of biochemical analysis of the 
blood and urine made during the preflight (background) and postflight 
examinations. The background values were indices obtained for blood 
on day 27, and for urine on days 26, 25, 24, 5, 4, and 3 before the 
expedition. The postflight examination was made according to the 
following system: blood was taken on the 1st and 25th days after land 

ing, urine was collected on the day the flight was completed (day 0) 
in the 6 succeeding days and on day 10 after completion of the space- 
flight . 

In the blood serum, by colorimetric and spectrophotometric 
enzymatic methods, using a test set from the Boehringer, Mannheim GmbH 
firm, the content of the following was determined: glucose [2], total 

lipids [3], triglycerides [4], non-esterif led fatty acids — NEPA [5], 
and the activity of lactate dehydrogenase enzymes — LDH [6], malate 
dehydrogenases — MDH [7], Isocltrate dehydrogenase — ICDH [8], a-oxy- 
butyrate dehydrogenase — a-OBDH [6], creatin phosphokinase — CPK [9], 
alanine aminotransferase — ALT [10], aspartate aminotransferase — AST 
[11], alkali phosphatases — AlP [12], The isoenzyme spectrum of MDH 
and LDH were dete: Ined by a method of electrophoresis in a poly- 
acrylamide gel [13]. The content of lactate [l4] and pyruvate [15] 
were determined in whole blood. 

Concentration of hormone and biologically active substances: 
Insulin, thyreotroplc hormone (TTH), somatotropic hormone (STH), 
cortisol (F), renin, aldosterone, testosterone, thyroxin (T4), tri- 
iodothyronine (T3), the values of effective thyroxin (GET), cyclic 
AMP and GMP (cAMP and cGMP), prostaglandins (PG) — A + E, Pj - a and 
?2 - a and the content of aldosterone in the urine; these were all 
determined by a method of radiolmmune analysis using standard sets 
(KIT) from the Cea-Ire-Sorin, Byk-Malllncrodt , Amersham, Clinical 
Assays. For determining the content of total 17-oxycortlcosteroids 
(17-OCC) in the urine anc. their free form and paired compounds with 
glycuronlc and sulfuric sclds, the Sllber, Porter method was used 

[16] , and for 17-ketosteraids (17-KS) — by the M.A. Krekhova method 

[17] . 


An evaluation of the activity of the sympato-adrenal system 
(SAS) was made for determining the content of eplnohrine (E) and 
norepinephrine (NE) in the blood [I8], dofamine (D’ ) in the b]cod 
[19] and according to excretion with the urine of free forms of 
£, NA, DA, DOPA [I8], bonded form E, NE and DA [20], free and 
bonded forms of metanephrlne (MN), normetanephrlne (NMN) [21] , and 
also vanlllyl-mandellc (VAA) and homovanllllc (HVA) acids [22]. 
Moreover, a qualitative evaluation was made of changes of SAS 
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activity using calculation of Indices of the relative activity of 
change of catecholamines (CA) and their metabolites [23]. 


Results and their Discussion 


The results of the studies made are presented in Tables 1 — 4. 

Examination in the preflight period showed that the biochemical 
indices studied in the blood and urine basically are within limits of 
the generally adopted norm. Existing deviations from the norm of 
certain indices in this period will be indicated according to analysis 
both of the preflight and postflight data. 

The results of the study of content of hormones and biologically 
active substances in the blood are presented in Table 1. 

The content of cortisol in the blood on the first day after com- 
pletion of the flight Increased in both cosmonauts by S0%i on the 
25 th day, the level of cortisol in I.A.S. returned to the preflight 
value whereas in K.V.V. , the content of cortisol in this period 
continued to exceed the preflight value by 50%. 

The level of aldosterone in the blood of K.V.V. somewhat exceeded 
the norm of the preflight, sharply (by 3.5 times) decreased on the 
first day after landing whereas in I.A.S. it was practically un- 
changed. On the 25 th day of the postflight period, the content of 7 200 

this hormone in the blood in both cosmonauts noticeably increased 
relative to the first day, and was close to the preflight value in 
K. V. V. exceeding it by 1.5 times in I.A.S. The activity of 
renin in the blood plasma, exceeding the generally adopted norm in 
both cosmonauts in the preflight period, on the first day after 
landing decreased in them to normal values. On the 25th day of the 
readaptation period, the level of activity of renin in I.A.S. sig- 
nificantly decreased in comparison with the preflight level and the 
first days of the postflight period, being less than the preflight 
value by more than 3 times whereas in K.V.V., the activity of renin 
noticeably increased to values exceeding the norm and were found at 
the preflight level. 

The study of hormones in the pituitary-thyroid gland system showed 
that in I.A.S, on the first day after landing, the concentration of 
TTH and Tij increased with a certain slmultanous decrease in the value 
of GET. One should note that in this cosmonaut, the GET before flight 
was higher than the normal. On the 25 th day of the readaptation 
period, a tendency was noted towards a return of the level of TTH, 

T 4 and GET to the preflight value. In- K.V.V. one noted 

similar but opposite directional dynamics in changes of these indices. 

The content of T 3 in the blood in both cosmonauts increased in the first 
day after completion of flight; in K.V.V. this index remained 
decreased up to the 25th day of readaptation whereas in I.A.S. it 
somewhat exceeded the preflight values. 

The entire period of readaptation (1st and 25 th days) was 
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characterized in I.A.S. by an increased level Qf STH in the blood in 

comparison with the preflight values with practically unchanged 

content of insulin, where in K.V.V., the level of insulin noticeably 

increased (by 1.7 times) and on the first day, exceeded the normal 

with an unchanged concentration of STH in this period, with a decreases / 201 

of the content of these hormones by the 25th day after landing. 

On the 1st and 25 th days after landing, in K.V.V. one observed a 
significant decrease in the level of testosterone in the blood, 
whereas in I.A.S. the content of this hormone on the 1st day some- 
what exceeded, and on the 25th day was less than the preflight value. 

In the perf light period, in both cosmonauts a low level of cAMP 
and cGMP in the blood was detected, less than the normal value. On 
the 1st day of the readaptation period, the level of these compounds 
significantly increased (to normal values) with its subsequent 
increase on the 25th day of the readaptation period in both cosmo- 
nauts . 

When studying the concentration of PG, the following was noted. 

Before the flight in both cosmonauts the level of PG AI.+ E, signifi- 
cantly exceeding the normal. The postflight period examination in 
both cosmonauts was characterized by a sharp decrease (less than 
normal) of these compounds, particularly pronounced on the 25 th day. 

As to the FG of the F group, the preflight level of PG Fj-a was at 
the lowest boundary of the normal in K.V.V. and exceeded the 
normal in I.A.S., and the level of PG F 2 -a was lower than the normal 
value in both cosmonauts. In the postflight period, the level of 
PG F^-a, also, like the content of PG A + e, was decreased on the 
first day lower than the normal in the cosmonauts; however on the 
25 th day there was an Increase to normal values. The level of 
PG F 2 -Q in both cosmonauts in both periods of post flight examination 
was noticeably lower than normal and pref light values. 

The study of removal of corticosteroid hormones with the urine 
(Table 2) showed that excretion of ■ tal 17-OCC in I.A.S. for 
days 26 — 24, and in K.V.V. on the 25tu day before launch of the 
spacecraft, noticeably exceeded the usually adopted standard with 
simultaneous increase in the percentage content of free forms and 
sulfates of 17-OCC in the urine. Then, excretion with fne urine of / 204 
17-KS in both cosmonauts for days 26 — 24 preflight and in I.A.S. on 
day 3 before launch were lower than the lowest normal boundarv. 

The entire period of readaptation in r.A.S. was characterized 

by a scmewhat decreased (in comparison with preflight) excretion 
total 17-OCC whereas on the day of landing and in the first 3 days, 
the percent of free forms and glucuronides given off was lower and 
sulfAtes higher than the preflight level. I'eginnlng with the 4th 
day of the postflight period, excretion of free 17-OCC increased, 
exceeding the normal and close to the value noted preflight. Some- 
what different dynamics of change in the indices post flight were 
noted in K.V.V. Thus, on days 0, 1 and 4 of the postflight period, 
a significant Increase was noted in excretion of total 17-OCC and 
glucuronides, exceeding both uhe tiormal and values found preflight 
whereas giving off free foi’ms and sulfates was s Ignlf icasit ly lower 
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than normal and preflight values. The entire remaining postflight 
period was characterized by a certain decrease in excretion of total 
17-OCC in comparison with the preflight whereas the generation of 
free 17~0CC Increased, exceeded the normal and was found at the 
preflight level; then, generation of sulfates mainly was lower than 
the preflight level. 

Excretion with the urine of 17-KS in the postflight period in 
both cosmonauts hardly differed from the preflight although on days 

0, 4 and 5 in K.V.V. and on days 1, 5, 6 and 10 in I.A.S. they were 
characterized by a certain increased level of excretion of 17-KS 

up to the normal values. 

Excretion of aldosterone from the urine in both cosmonauts in 
the preflight period was within 'limits of the generally adopted 
norm (except for an Increase on day 3 before launch in I.A.S. ). 
Generation with the urine of the hormones on day 0 and the first 
3 days of the postflight period significantly increased, exceeding 
both the normal values and the values perflight . The entire sub- 
sequent period of readaptation was accompanied by a decrease in 
excretion of aldosterone to the perflight values. 

The changes noted in the preflight period in the content of 
hormones studied and the biologically active compounds in the blood 
and urine in the cosmonauts, in comparison with the generally 
adopted normal, could be the result of a reaction of the organism to 
different tests and loads during the clinical and physiological 
examination of the cosmonauts, and also as a result of emotional 
stress caused by preparation for the flight. The Increase in 
activity of renin in the plasma and concentration of aldosterone 
in the blood was noted, during emotional stress [24], We also 
showed in the experiment with emotional stress an increase in 
activity of renin in the blood plasma. Similar results were 
obtained in K.V.V. and I.A.S. during examination before the flight. 

The postflight changes of activity of plasma renin and the 
content of aldosterone in the blood and urine were obviously di- 
rected at maintaining the water-salt balance of the organism in 
the cosmonauts. 

One should turn attention to the character of changes of 
STH and insulin levels in the blood in the cosmonauts. For instance, 
on the first day postflight in K.V.V. one noted an Increase in the 
concentration of insulin with an unchanged level of STH and in 

1. A.S., an Increase in the STH level was not accompanied by changes 
in the concentration of Insulin. The changes noted, in all proba- 
bility, involve a certain restructuring of the processes of lipid, 
protein and carbohydrate metabolism. 

The readaptation period in both cosmonauts was accompanied by 
a decreased level of testosterone which, in all probability, was 
the reason for hyperglycerldemia discovered in the cosmonauts. 

An analysis of the data on content of TTH and T 4 and the value 
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of GET showed the Individuality of these changes. At the same time, 
the level in the blood of the biologically more active hormone of 
the thyroid gland, T3., decreased in both cosmonauts. The Increased 
level of cortisol in the blood which we discovered in the cosmonauts 
is the possible cause of a lower level of T3. On the other hand, it 
is well known that lengthy injection of glucocorticoids suppresses 
the thyroid function, obviously, by inhibition of TTH which finally 
causes a decrease in the content of T4. As is well known, excretion 
of cortisol with the urine during space flights increases [25, 26]. 
This can result , besides an Increase in the level of cortisol in 
the blood, in a decrease of the level not only of T3 but also T4. 

This, in our opinion, can explain the fact that the level of T in 
K.V.V. was decreased. 

As was pointed out earlier, the content and T 4 in the blood 

in cosmonauts who had completed a 7 -day cosm - ^ht, basically 
Increased with the simultaneous increase in * -/el of T 3 in the 
blood [ 27 ] at the same time that after comp! of long-term 

space expeditions, the content of T 3 in the decreased and the 

level of TTH and T 4 decreased differently In all probability, 

the changes noted in level of T 3 in the blood depends on the duration 
of the spaceflight. 

The decreased level of cyclic nucleotides (cAMP and cGMP) and 
PG of the pressor group (F 2 -a) with a simultaneous Increased content 
of PG of the depressor group (A +E) in the cosmonauts in the preflight 
period can be evidence of a certain decrease in sensitivity of the 
vessels to sympathetic and pressor effect [29], in particular, 
epinephrine which is confirmed by the data we obtained on excretion 
of free epinephrine whose level is found in the cosmonauts at the 
low boundary of normal. 

After flight (day 1) one noted a significant decrease (below the 
normal) in the level of PG in all groups in both cosmonauts which can 
be evidence of a decrease of the regulatory effect of these compounds 
on the vascular tone. The significant Increase discovered in the 
level of cyclic nucleotides during the entire period of readaptation 
with simultaneous further decrease in the concentration of PG A+ E and 
an increase in the level of PG Fj-o on day 25 postflight can cause an 
Increase in vascular tone. The changes Indicated can also be the 
result of emotional s'-ress. 

The studies of the generation of 17-OCC with the urine showed 

a directionality of the secretory activity of the adrenal gland 

cortexes in both co.smonauts in the preflight period; the increased 
(beyond the normal ’.Imits) percentage content of free forms of 17- 
OCC is evidence of this. Excretion with the urine of total 17-OCC 
then was observed either at the upper boundary of normal or in a 
number of cases exceeding it. At the same time, in this period 
one noted a decrease in the content of glucuronlde and sulfates in 
the urine; this could be evidence both of changes between processes 
of secretion and conjugation of steroids, and changes in the processes 
of their catabolism [30], The decreased level of excretion of 17-KS 

in both cosmonauts, lower than the normal value, can be the result of 

change in metabolisms of steroid hormones along the 17-keto path. 
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In the postflight period (on days 0 — 2) one noted an increase in 
the processes of conjugation of steroids with glucuronic acid; the 
decrease in free forms and sulfates and the Increase in glucuronides 
in the urine are evidence of this. And by days 3 — one observed an 
Increase in the secretory processes of the adrenal gland cortex 
(an Increase in free forms of 17-OCC and a decrease in glucuronides 
in the urine). One should note that excretion of total 17-OCC with 
the urine in the period of readaptation basically is at the level of 
the preflight values. We were the first to observe this dynamic of 
generation of total 17-OCC with the urine. The data we obtained 
earlier [1, 27] showed a noticeable increase in this index in the / 208 

cosmonauts in the postflight period; this is evidence of the presence 
of a state of stress. In this way, af£er completion of a l40-day 
spaceflight, taking into account that the steroid hormones are one of 
the Indicators of stress, we discovered the so-called "stress re- 
adaptation 

The set of data obtained when studying the content of hormonal 
and biologically active compounds in the blood and urine indicategthat 
after completion of a 1^0-day space expedition, in both cosmonauts, 
certain changes were noted in the state of the basic regulatory sys- 
tems Including an increase in functional activity of 6-cells of the 
islands of Langerhans of the pancreatic gland. Moreover, in the post- 
flight period in both cosmonauts, a certain decrease occurred in the 
activity of the renin-angiotensin-aldosterone system accompanied by 
an increase in excretion of aldosterone with the urine. One should 
note that there was a direction in changes of secretion and excretion 
of hormones and biologically active compounds in the cosmonauts who 
had completed a 96-day spaceflight, however, after a 1^40-day space- 
flight, in distinction from the 96-day, no increase in excretion of 
total 17-OCC with the urine was detected but changes in secretory 
activity of the adrenal gland cortex had a phase character. More- 
over, an Increase in content of cyclic nucleotides was noted in the 
blood with a significant decrease in concentration of prostaglandins 
of all groups. 

Analyzing the data which characterize activity of the sympato- 
adrenal system (Tables 1 , 3) one can see that preflight the activity 
of SAS in both cosmonauts was within limits of the physiological 
norm. In spite of a somewhat decreased excretion (in comparison 
with the generally adopted norms) the CA and their metabolites with 
the urine, the Indices of relative activity of CA exchange were within / 211 
the limits of their physiological variations. 

On the first day after completion of the flight, the content of 
CA in the blood in both cosmonauts was significantly higher than the 
preflight level. On day 25 of the postflight period, the content of 
CA 'n the blood had a tendency toward decrease in comparison with the 
p. jding time period for observation, but remained always higher than 
the preflight values. The ratio of E/NE (according to one blood system) 
v;as in both time periods of postflight examination lower than the 
preflight value which indicated a predominance of activity of the 
mediator link of SAS in comparison with the hormonal. 

On the day of landing (day 0) we observed a significant increase 
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in the excretion of E, NE, DOPA, MN, VAA and HVA with the urine in 
comparison with the preflight values in both cosmonauts whereas both 
excretion of DA and NMN, on the other hand, were decreased. The 
ratio of E/NE (according to the urine data) in K.V.V. was insignificantly 
Increased in comparison with the preflight level; in the I.A.S, it was 
found at the level of the initial values. The percentage of bonded E 
was below the preflight like the process of methylatlon of E (MN/E) in 
both cosmonauts. The relative activity of synthesis of NE was sig- 
nificantly Increased in both cosmonauts whereas in K.V.V. it 
amounted to 473^ and in the I.A.S. — 823?5 of the preflight level. The 
relative acitivity of synthesis of DA was, on the other hand, decreased 
in both cosmonauts and the percent of bonding of NE in both cosmonauts 
was below the preflight level; the process of methylatlon of NE (NMN/NE) 
in I.A.S. was decreased and in K.V.V. it was insignificantly 
increased. The processes of deamltization of CA (VAA/MN + NMN) in 
I.A.S. were found at the level of preflight values and in the K.V.V 
it was decreased, amounting to 80?5. The process of inactivation of 
VA (HVA/DA) in trhe I.A.S. was slightly Increase and in K.V.V. it 
was lower than the initial. 

Thus, on the day of landing, in both cosmonauts, there was no 
increase in the activity of the SAS hormonal link which is evidence / 212 
probably of an absence of a stress reaction of the organism when 
returning the cosmonauts to Earth. 

In the succeeding period of examination of excretion of E in both 
cosmonauts, there was a tendency toward a decrease although it still 
exceeded the preflight level. The percentage of bonding of E in I.A.S. V- 

was higher and in K.V.V. lower than the initial values. The process 
of methylatlon of E (MN/E) in both cosmonauts is lower than the pre- 
flight. The excretion of NE, DA, DOPA, MN, NMN, VAA and HVA for the 
extent of the postflight examination period, in both cosmonauts, was 
higher than the preflight vlaues. The ratio of E/NE exceeded the 
preflight level on days 1 — 3 of the postflight period in both cosmo- 
nauts and then one observed a decrease in this index below the initial 
values. The relative activity of synthesis of NE (NE/DA) had a 
tendency toward a decrease up to the 4th day of the readaptation 
period and then again an increase was observed in both cosmonauts. 

The percent of bonding of NE in I.A.S. was below the preflight 
I level and in K.V.V. on the other hand, was higher. The process 

of methylatlon of NE (NMN/NE) in I.A.S. was lower and in K.V.V. 
higher in comparison with the initial. The processes of deamination 
of CA in both cosmonauts was increased for the entire period of the 
postflight examination. The relative activity of DA synthesis (DA/D) was 
decreased for the entire extent of the readaptation period in both 
cosmonauts in comparison with the preflight level and the process of 
inactivation (HVA/DA) also, like the percent of bonding of DA was 
lower in I.A.S. and on the other hand, higher in K.V.V. 

Thus, in the postflight period in both cosmonauts an insignificant 
increase was observed in the activity of the hormonal link of SAS 
which, probably, involved an emotional reaction caused by the conduct 
of certain measures in the postflight period. One should note that / 213 
we were the first to observe an absence of a stressor reaction on the 
landing day. The data we obtained earlier [31] when examining 
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cosmonauts after flights of shorter duration Indicated the presence 
of stress reactions In them. American scientists who studied the 
state of SAS In astronauts who had completed a flight on the Mercury, 
Gemenl, Apollo spacecraft also obtained activation of the hormonal 
link of SAS after completion of flights [ 32 — 36 ]. Some authors [ 33 > 

37 ] considered the change In activity of SAS as an index of the 
"stress” reaction caused by the conduct of space flight. The data 
we obtained, however, agree with data of American scientists who 
had studied the state of SAS in the astronauts on the Sky lab OS [ 37 , 

38] where also It was pointed out that space flights of longer 
duration did not cause significant changes In the state of SAS and 
facilitates creation of adjustment and adaptation mechanisms to a 
new living circumstance which space flight is. 

The activation of the mediator link in SAS which we observed 
in both cosmonauts occurred v^lth a different differentiation of the 
processes of exchange of CA. Thus, while in the I.A.S., the process 
of increasing relative activity of synthesis of NE occurred on a 
background of decrease of processes in its bonding and inactivation, 
but K.V.V. showed an increase in the process of inactivation of NE 
on a background of decreased relative activity of synthesis of DA 
which occurred in both cosmonauts. 

In this way, the increase we obtained in activity of the mediator 
link of SAS in the cosmonauts was, probably, due to their return to 
normal conditions of gravitation and the differences observed in the 
metabolism path of CA, then, apparently, are due to individual 
reaction of the organism of the cosmonauts. 

Determination of the content in the blood of the uasic metabolytes 
of carbohydrate, fat metabolism and also activity of a number of 
enzymes (Table Indicated that on the 1st day after completion of 
flight, only insignificant changes were noted in the biochemical 
indices studied in comparison with the data of background examination. 

In both cosmonauts a decrease occurred in the concentration in 
the blood of lactic and pyruvic acids, the total lipids and tri- 
glycerides , whereas the content of NEFA noticeably increased (in I.A.S 
it was slight higher than the physiological norm) . However one 
should note that the preflight level of content of lactate, pyruvate 
and total lipids in the blood somewhat exceec’-'d the value of the 
generally adopted norm. Similar deviations in indices of carbohydrates 
and fat exchange from the level of the physiological norm was noted 
earlier by us in background examinations immediately before beginning 
the expedition and in other cosmonauts (crews of the Soyuz-26, 27, 28 
spacecraft). Here, the Increased content of total lipids in the 
blood, as a rule, is not accompanied by an increase in concentration 
of actively metabolized fatty fractions which are the energv sub- 
stratum, NEFA and triglycerides. Possibly the increased level of 
total lipids is due to an increase in the content of phospholipids 
and cholesterol in the blood. The cause of functional hypercholes- 
terinemia can be, for example, different stresses, yhyslcal and 
emotional which the cosmonauts underwent in the period of conducting 
clinical and physiological studies. In the opinion of many re- 
serachers, the most frequent cause for increase in content of lactate 
and pyruvate in the blood also is an iucrease in physical load [89]. 
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The activity of enzymes of the blood changed within limits of 
normally allowable variations. In both cosmonauts, an increase in 
activity of ICDH, a«OBDH, AST, ALT, CPK (CPK in I.A.S. exceeded the 
limits of normal activity) arid a decrease in total activity of 
MDH occurred in both cosmonauts. The direction of changes in LDH 
activity, its isoenzymes and AlP was nonuniform in the commander 
and flight engineer; in K.V.V. an increase occurred in total activity 
of LDH as a result, of activation of the LDH2 and LDH3 fractions; in 
I.A.S. a decrease was noted in activity of LDH accompanied by a 
significant increase in activity of the LDH5 fraction; AlP was some- 
what decreased in I.A.S. and Increased in K.V.V. 

During an examination made on the 25 th day of the postflight 
period, a significant Increase was established in the content of 
lactate in the blood in both cosmonauts (in K.V.V. it significantly 
exceeded the boundary of the norm) and glucose in I.A.S.; the con- 
centration of NEFA in the blood remained increased whereas in K.V.V. 
it exceeded the limits of normal values and the concentration of 
triglycerides increased. The activity of most of the enzymes 
studied in the blood on the 25th day reached a level close to the 
initial; only when determining AlP did one detect activity sig- 
nificantly exceeding the initial. An analysis of the isoenzyme 
spectrum of AlP in the blood showed that an increase in the total 
activity of AlP occurs due to an increase in concentration of the 
bone Isoenzyme and is due, apparently, to activation of the processes 
of mineralization in the boney tissue. 



Analyzing a change in biochemical parameters of the blood observed L 

in the cosmonauts after completing the 1^0-day flight, one can see i 

that due to factors 'of space flight only an insignificant restructuring I; 

of the basic exchange processes occurred, physiologically based on 
the necessity for maintaining homeostasis in unusual conditions of 
space flight. No pronounced disturbances in exchange of substances 
was established. In the first days after landing, a tendency was 
clearly noted toward a change in the ratio of basic paths of metabolism / 217 • 
expressed in the primary use energetically of more suitable oxidation j 

conversions of fats. The basis for this conclusion is data on the 1 

sharp increase of intermediate products of carbohydrate exchange 
entering the blood, lactate and pyruvate, increased ejection into the 
blood channel of NEFA and a significant decrease in content of total 
fats. Data on the increase of such enzymes in the blood as a-OBDH and, 
to a large degree, ICDH also agree with this conclusion on strengthen- 
ing of the oxidation processes; the rate of oxidation conversions of 
the substrata in the cycle of tricarbonlc acids depends to a slg- 
niglcant degree on this activity. One should note that this con- 
clusion and also data it is based on do not coincide with results 
obtained during biochemical studies of cosmonauts after completing 
the 96 -day spaceflight. On the basis of an increase in substrata of 
the carbohydrate exchange, decrease of neutral fats and NEFA entering 
the blood, and also changes in the blood of certain exzymes of 
aerobic exchange and glycolysis, we concluded that there was an in- 
crease in specific weight of anaerobic processes in the total energy 
reactions of the organism in the first days after completion of the 
96 -day flight. 


TABLE 1. OUTPUT OF FLUID CML) AND ELECTROLYTES (MEQ) WITH THE URINE 
ON THE DAY BEFORE AND AFTER FLIGHTS IN THE CC-I, FE-I, CC-II, FE-II 



Diuresis 

Sodium 

Potassium 

Calcium 

Magnesium 

CC— I 

Preflight 

1470+94 

202+12 

85+5,4 

9,81+1,5 

8, 3+1, 3 

Postf light 






’ 0" day 

1175 

184 

45 

13,2 

v.i 

I st-^day 

1130 

199 

81 

16,4 

9,0 

2 nd day 

1415 

128 

87 

I4.I 

6,9 

3 rd day 

1645 

214 

99 

12,8 

6,6 

4 th day 

1990 

297 

II5 

17,5 

10.9 

5 th day 

1235 

\ 221 

93 

18,0 

9,5 

FE-I 

. PT’Pfl-rcrht-. 

II32+I02 

242+26 

75+4, Q 

15,7+0,3 

6 , 9 jp , 2 

Postf light 





. 

0 day ■ 

425 

67 

•23 

22,5 

3,8 

I St day 

1175 

135 

73 

23,5 

10,4 

2 nd day 

1285 

149 

62 

18,0 

8,0 

3 rd day 

2105 

282 

II2 

22,1 

7,7 

4 th day 

1770 

206 

87 

18,6 

8,0 

‘5 th day 

1015 

188 

98 

13,0 

7.2 

E Commas 

in tabulated 

material 

are equivalent to decimal points] 
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Diuresis 

Sodium 

Potassium 

Calcium 


cc-ri 
Pre flight; 

930+46 

182+5,3 

76+7,4 

12 , 0 + 1,0 

10,3+0, 

Postf light. 






0 ' day 

1225 

73,5 

63 

14,9 

2,7 

'I St' day 

1255 

25,4 

82 

6,3 ' 

4,0 

2 ndcday 

1440 

274 

185 

5,1 

4,6 

' 3 rd day 

2745 

706 

120 

10,0 

7,8 

' 4 th day 

1480 

402 

105 

8,9 

9,8 

^ 5 th day 

620 

159 

52 

9,4 

8,6 

"Ilth day. 

1675 

228 

77 

• 9.8 

8,5 


PE-II 

Preflight 1120+98 185+15 79+8,5 14,4+1.4 12,8+0.9 


Postf light 






0 day 

705 

II4 

30,3 

11,3 

3,0 

Istcday 

745 

60 

47,2 

23,1 

8,1 

2 nd day 

1220 

134 

89 

17,7 

8.1 

3 rd day 

1550 

140 

90 

16,9 

6,8 

4th day 

1165 

187 

128 

17,5 

12,2 

5 th day 

1230 

178 

89 

. 18,5 

10,2 

II tb day 

960 

220 

54 

14,4 

11,0 

[Commas in 

tabulated 

material are 

equivalent to 

decimal points] 
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The different results obtained immediately after completion of 
the 96 -day and l40-day flight are not random. They can be explained 
by the phase character of the processes of adaptation of the organism 
to conditions of spaceflight. Apparently, the moment of completion 
of the 96 -day and l40-day flights occurs at different stages of this 
adaptation. In spite of the fact that the character and course of 
the readaptation processes, according to the data of biochemical 
analysis, was similar in members of the crew of the two long-term 
space expeditions. Almost complete normalization of metabolic homer- 
stasis was noted by the 25th day (second main expedition) and on the 
32nd day (first main expedition) after completion of the spaceflight. 


' ^.2. S^^udy of the Water-salt Exchange and the Functional State of the / 2l8 
Method 


The state of the water-salt exchange was evaluated according to 
the content in blood and urine of electrolytes of sodium, potassium 
(.flame photometry), calcium and magnesium (atomic absorption spectro- 
photometry) and osmotlcally active subtances (cryoscopy). Urine before 
and after the flight was collected according to fractions. For 
studying the peculiarities of osmoregulatory and ion regulatory 
functions of the kidneys before and on the second day after both 
flights, specific load tests were done. During the 96 -day flight, 
a water test was used { 2 % of body weight) and during the l40-day flight, 
a water-calcium test was used (peroral Introduction of calcium lactate, 
10/mg/kg body weight on a background of 1^ water load). Besides the 
study 0.' the absolute values of generation of fluid and electrolytes 
by the kidneys, determination of the values of those substances 
entering with the food and in tbe form of drinks was determined. For 
this purpose, tests of the ford ration were minimized by a method 
01 dry calcination and their electrolytic composition was studied. 

The value of the percent of kidney excretion of fluid and electrolytes 
made it possible to Judge the correspondence of substances taken in 
with food and their elimination from the kidneys. In the blood serum, 
besides the concentration of electrolytes and osmolarity, activity 
of the calcium ions was determined by a method of direct potentlometry 
using an ion selective film electrode on a base of teno-ultrafluro-acetate , 

Excretion by the kidneys of fluid Immediately after landing in 
bo;h cosmonauts, except CC-II, was decreased (Table 1). On a back- 
ground of decreased diuresis in CC-I, FE-I and FE-II, the water 
demand Increased which was the cause of a significant decrease in 
the value of the percent of kidney excretion of fluid. In the CC-II 
in the first 2 days after landing, diuresis was also somewhat higher 
than preflight. The cause for this was a decrease in reabsorption of / 221 
water in the distal section of the nephron which was confirmed by a 

decrease in the value T§ The peculiarities noted in water exchange, 

n 2 ^ 

immediately after landing, in the CC-II to a significant degree could 
due to the fact that he, in distinction from the other cosmonauts, 
did not take the water-salt additive in the final stage of flight. 
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When studying exchange of electrolytes it was established that 
in all the cosmonauts after landing one noted a decrease in the rate 
of excretion of sodium CTable 1). The CC-II had a particularly 
pronounced retention of sodium. The concentration In the urine and 
generation of potassium by the kidneys in the CC-II then was only 
Insignificantly below the initial values; due to tals, the value 
of the coefficient Na/K significantly decreased. In the CC-I, FE-I 
and FE-II, the rate of excretion by the kidneys of potassium on day 
0 after landing was significantly smaller than in the background 
period (Table 1). On succeeding days of the observation, the absolute 
values of generation of potassium Increased, not differing significantly 
from the preflight level. However, in comparison with the value of 
potassium, supplied in the food ration, its generation was above the 
initial. A similar phenomenon was observed in a number of cosmonauts 
in the period of background examination. However, it was not 
accompanied by an Increase in excretion of products of nitrogenous 
exchange and w^is reevaluated by us as a result of high physical and 
emotional stress. During flight, the increased excretion of potassium 
was combined with increased generation of nitrogen; this was evidence 
of the predominance of processes of catabolism during long stays in 
weightlessness [^0, 4l]. At the present time it Is considered 
generally known that the negative balance of potassium In conditions 
of space flight Is caused by a decrease in cellular mass. Due to 
this, only with the degree of increase of physical load in the 
postflight period are the ordinary interactions reestablished be- 
tween intake and output of potassium. In this case. It becomes obvious / 222 
that It is necessary to reestablish the balance of potassium by in • 
creasing its intake. Even with an undisturbed regulation of potas- 
sium, at a cellular level, its assimilation is difficult before 
restoration of the cellular mass of the body adequate for the in- 
creased requirement by the organism. 

Output of potassium by the kidneys in both cosmonauts after the 
96-day flight was higher than the preflight values. No peculiarities 
in excretion of magnesium were noted (Table 1). After the l^O-day 
flight, excretion by the kidneys of 2-valent ions in the CC-II during 
the first 3 days was significantly lower than the initial level. On 
subsequent days, output of potassium and magnesium in the CC-II was 
somewhat Increased. Considering that the Intake of potassium with 
the food after flight also was lower than the background values, the 
percent of excretion of it by the kidneys did not differ from the 
initial level. In contradiction to this, in the FE-II, output of 
potassium by the kidneys from days 1 to 6 after flight was higher 
than the initial and reached background values only on day 11 post- 
flight examination. One should particularly note that the Increase 
in excretion of potassium occurred in spite of an intake from food 
smaller than preflight. Due to this, the percent of its excretion 
in the FE-II was increased to 3^ — with the initial — 27 %. Output 
of magnesium in the FE-II on days 1 — 4 of the examination remained 
decreased and subsequently did not differ significantly from the 
initial . 

During an analysis of blood serum in all cosmonauts postfllght, 
an Increase was established of the ionized fraction of potassium. 
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No other significant changes were discovered in the center of 
electrolytes and osmotic concentrations of blood serum af' ^r the 
l40-day flight. 


Water Tests Before and After ^he 9 6 -day Flight 

In the CC-I, output of fluid after the water load postflight 
did not change significantly. One should remember that afer the 
3Q’i*day flight, in the FE-I the output of fluid with the water tests / 223 
was more than two times lower than the initial C^2]. The value of 
maximum diuresis after load in both cosmonauts v;as higher than in the 
preflight, period and to a greater degree in the FE-I (Table 2). 


TABLE 2. WATER LOAD TEST BEFORE AND AFTER PLIGHT IN THE CC-I and FE-I: 

I— MAXIMUM RATE OP EXCRETION OF FLUID (MV’MIN) AND ELECTROLYTES (wEQ/MIN); 

II— OUTPUT IN THE FLU.'.D TEST (PERCENT OF INTAKE) AND ELECTROLYTES (MEQ) 


/224 



Diuresis 

Sodium 

Potassium 

Calcium 

Magnesium 

CC-I Preflight ^ 

T4,0 

II2 

74 

4,9 

2,38 

il 

d0% 

20,8 

14,0 

0,67 

0,38 

Postflight ^ 

16,2 

II9 

31 

19,1 

7,36 1 

n 

ie>% 

17,6 

6,23 

3,15 

1,21 

t 

PE-I Preflight ^ 

12,8 ' 

227 

95 

5,8 

T,9 ; 

n 

Q3% 

21,1 

11,6 

0,69 

0,32 . 

Postflight 

22,3 

283 

129 

25,9 

7,14 

n 

10852 

21,0 

• 16,8 

3,25 

1,01 


[Commas in tabulated material are equivalent to decimal points] 
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The dlx’ectlon of changes of excretion of sodium and potassium / 2?3 
during the water test In the postfllght period also had individual 
differences. In the CC-I, In comparison with the preflight data, one 
noted a certain decrease In excretion of sodium and a significant 
decrease In excretion of potassium. In the PE-I, excretion of 
sodium remained unchanged and potassium Increased. Due to this, 
the value of the coefficient of Na/K for water load In the CC-I In- 
creased from 1.5 to 2.8 and ’n the PE-I decreased from 1.8l to 1.25. 

Also practically the directionality o^* the changes In excretion of the 
substances indicated was apparent In the period of maximum di.uresls 
(Table 2). The Individual differences manifested In the cosmonauts 
In the output of fluid and sodium in the water test Is due, apparently, 
to the peculiarities of osmoregulation and volume regulation. 

Besides the varied changes noted in excretion of fluid and 
univalent ic.-'r during the water test unltyplcal shifts were 
apparent In’ oucput of ■ calcium and magnesium. In all of the parts 
of the urine postflight, the rate of excretion of 2-valent ions in 
both cosmonauts was higher than in the test conducted preflight. The 
difference consisted n the fact that in the CC-I the cause of 
this phenomenon was an Increase in concentration of ions and in the 
FE-I — to a greater degree a . change in diuresis. 

Changes in the exchange of _ calcium ' after long-term flights 
deserves special attention. An increase in the rate of excretion of 
calcium and magnesium were observed after less lengthy flights 
Including in the FE-I after a 30-day flight [^2], However, with an 
increase in length of the flights, the rate of excretion of calcium 
and magnesium during the test increased to a greater degree. Thus, 
if after a 30-day flight in the PE-I output of calcium and magnesium /225 
during the test with water load exceeded uhe initial level by 2.5 times, 
then afer the 96-day flight excretion of calcium was higher than Ir; 
the background period by 5 times. Here, after a 30-day flight ex- 
cretion of magnesium increased to this degree and the value of the 
coefficient Ca/Mg remained practically the same as preflight. After 
the 96-day flight, to a greater degree, excretion of calcium in- 
creased. The value of the Ca/Mg coefficient then Increased with 2.2 
in the background and 3.2 postflight. The role of the kidneys in 
changes of calcium exchange during long-term flights was studied 
using a specific load. 


Water-calcium Test Before and After the 1^0-day Flight 


After the flight, in both cosmo’';auts , one not a progressive 
increase in the rate of excretion oi calcium by th, ’dneys, reaching 
a maximum value during the 3rd hour after Introductlou of calcium 
lactate. The Increase in the rate of excretion of calcium with the 
urine in both cosmonauts postfllght significantly exceeded the pre- 
flight level (Table 3). Comparing the data of postfllght examination 
with the results of the ground experiments, one should note that 
postfllght, the Increase in rate of excretion of calcium with the 
urine in Loth cosmonauts significantly exceeded the preflight level 
(Table 3). 
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TABLE 3. WATER-CALCIUM LOAD TEST BEFORE AND AFTER FI.IGHT IN THE CC-II 
AND PE-II: I— MAXIMUM RATE OF EXCRETION OF ELECTROLYTES (ufeQ/MIN), 

II— OUTPUT OF ELECTROLYES IN THE TEST (MEQ) 




Sodium 

Calcium 

Magnesium 

GC-II Preflight 

I 

198 

18,4 

8,95 


n 

59,5 

4,63 

2,26 

Postflight 

I 

106,6 

41,6 

8,68 


n 

15,0 

5,02 

2,42 

FE-II Preflight 

T 

X 

318 

25,2 

10,6 


n 

86,1 

5,55 . 

2,40 

Postflight 

I 

208 

74 

10,3 


n 

o 7,5 

7,8 

2,7 


[Conimas In tabulated material are equivalent to decimal points] 
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Comparing the data of postflight examination with the results of the / 225 
ground experiment, one should note that postfllght the increase in 
rate of excretion of calcium with the urine was significantly greater 
than during the l82-antlorthostatic hypokinesia (ANOH). When examining 
the cosmonauts, a study was not made in the blood of concentrations of 
calcium and its ionizing fraction in the period of the maximum rate 
of excretion of calcium as was done in the AN''*H; this made it dif- 
ficult to calculate the Indices of the calcium-urethi*al 
function of the kidneys which reflect transport of this ion in the 
Mdney. Howe-''-er, similarly to the ground exnerlment , one can assume 
that the increase in excretion of calcium was caused, basically, by / 227 

a decrease in reabsorption of it in the kidney channels. The more 
pronounced increase in excretion of calcium in the FE-II, probably, 
v:as mainly uue to its inclvldual peculiarities apparent in the high 
rate excretlor. of calcium both in the daily urine and under the 
load test. Apparently, as in the ground experiments, the most 
important reason for shifts in exchange of calcium during long flights 
is a change in its hormonal regulation. An increase in actively of 
PTG noted in conditions of ANOH occurs lirst and facilitates, probably, 
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an increase in resorption of boney tissue and an increase in activity 
of calcium in the blood which, in turn, can be the cause fcr an 
increase of thyrocalcitonin in the blood causing a decrease in re- 
absorption of calcium in the kidney canals. Making the mechanisms 
which produce chatiges In calcium exchange more precise is che object 
of further m.ultidireetional studies. 

For evaluating activity of the kidneys during flight, the 
cosmonauts regularly underwent clinical analysis of urine. Moreover, 
the visitors delivered samples of urine from the expeditions for 
more detailed analysis of them on Earth. Here no pathological changes 
were detected n the urine. 

On the basis of the studies made, one can assume that the shifts 
noted during and after the 96 -day and 1^0-day space flights in 
Water-salt exchange are due not to a disturbance in activity of the 
kidneys but are the result of changes in the state of these systems 
which regulate osmotic and ion homeostatis in v>reightlessntc.s and 
with reentry into Earth's gravitation. 


^ . 3 . Hematolytlc :jtudies 
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Met hod 


The material for the study was peripheral blood taken from the 
flesliv part of the finger (days 0) and the ulnar vein (days 1, 27 
postflight). The results obtained were compared with the results of 
background examinations of the cosmonauts. Blood from the finger 
for i.he blociiemlcal studies in fllglit was taken on the following 
days: on days -to and 8^) from tdie MC-T and on days iS, 7B and 123 

from tlie Md-TI. An analysis of the test was made in the laboratory 
upon return. Ic Earth. Tn the blood samples taken before, during and 
after flight, tb.e content of the following substances was defined: 
glucose (according to the glucose oxidase reaction In the presence 
of phenopht halel !i , ur^'ne (accor.ilne to the roact-ion with ureasel , 
nlti’ogen amine ( Ness lerl ;.at ion after prellmlnai’y distillation of 
getiei’ated ammonia!', acid, solr.ble and lipid itiorgaiiic phosphorus 
(according to tb.e rtuacrion with malachite greeti In the piur--. rice o*’ 
ammonia molybdate), nucleotides (according ro absorption In the ultr:- - 


violet field), cb.olesterol (according to tb.e reactl(''n of acetic 
itydride .auvl stil furlc acl.i), hemoglobin (according 
thinned solutlcri of bl.^.ul at •U'U'' nm) 


a n- 


calculated for weight o i'ioo.i t.aken a-- 


The res'ilts 
^ It;’ virv re 


^ absorption of 
obtained were 
' I due . 


When conduct iitg a study on tlu' st.,.e of the b^ood sysreni, metliod; 
of scar.nlno microscopy were useu, a phot oir.et f1 c an; lysis of volum.e 
Ip.dices of ei’y t hrocy t es , met b.ods of analytic a:id prepa.ratory elect ro- 
phoresis of the blood cells, light ml c ros.'or.y . Tl’.e stiucture of 
hemoglobin and it;; oxygen-t ransport t'unct loti was studied, bv mtU hods 
of isoel ec . ro f ocuss 1 tig , el ect rophores is atid column cliromat ograt'hv , 


stiec L roi'''ot omet rlc ana iv.. ' 


die Indlce.'’ of eyc!ia!'.''’e of Iron 


evaluatt on t lie b.asis of p-j poncont rat I on:', of 


were 


;'.('rum It'on 
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RESULTS OF STUDYING BLOOD IN MC-I CREW MEMBERS BEFORE, DURING AND AFTER FLIGHT 
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latent and total iron bonding capability of the serum. The morphology 
and Intracellular metabolism of leukocytes was studied by a method 
of light microscopy, statochemlcal determination of alkali phos- 
phatase, myeloperoxidase, polysaccharides. Determination of the 
indices of kinetics of erythrocytes was done according to the 
method by Ye. N. Mosyaglna. 

As to the state of energy ■exchange in erythrocytes one judges 
according to the content of adenosine triphosphoric acid (ATP), the 
intensity of glycolysis, activity of lactate dehydrogenase (LDH), 
glucose-6-phosphate hydrogenase (G6PD', the content of restored 
glutathione (gsH) , The intensity of glycolysis was evaluated 
according to the increase of uric acid in the erythrocyte cells 
Incubated for 2 hours. The content of lactic acid and ATP were 
determined in perchloric extract by an enzyme spectrophotometric 
method. The activity of LDH was determined according to the Vu and 
Rakker method, G6PD — according to the Kornberg and Khrekker method. 

The content of restored glutathione was determined using 5' 5 di- 
thiobls-2-nitrobenzoic acid. 


Results and their Discussion 


Biochemical Composition of Blood and Mass of Hemoglobin 

According to a number of research indices, biochemical analysis 
made in the l40-day flight showed shifts similar to those which took 
place during the 96-day flight (Tables 1, 2). Thus, on the l8th day 
in both crew members the content of urea increased (up to 43 mg* in the 
CC-II and 48 m.g'^ in the FE-II) and continued to remain at a high 
level until completion of the flight. In the MC-I crew, the in- 
crease in content amounted to about 9 mg?-. The increase in con- 
tent of inorganic phosphorus was noted on the 75th day of flight in 
the members of the MC-II; however, by the 123rd day the concentration 
of it decreased and remained at this level after completion of the 
flight. Then, in the m.embers of the MG-I crew, the content of inor- 
ganic phosphorus during flight was increased by 45? in comparison 
with the initial values. The changes of nitrogen amine in both cases 
were insignificant. At the same tlm.e, the data presented in Tables 1 
and 2 are evidence of the fact that changes of a number of the Indices 
studied in the MO-II crew members were different from changes ob- 
served in the MC-I. Thus, in conditions on the h6th day of flight 
one did not detect shifts in the content of cholesterol and lipid 
phosphorus. At the same time, in members of the MC-II, the level of 
cholesterol on the 75th day was signl f 1 cantly increased; the values 
of lipid phosphorus at this time wore, on the other hand, decreased. 

The increase in content of cholesterol ^vith simultaneous decrease in 
lipid phosp’iorus can be reevaluated as a sivn of activation of the 
atherosc lerot Ic process. The content of acid soluble phosphorus was 
decreased in the MC-II crew whereas as Ir'. the CC-I anC. CC-II it 
remained without changes. Inasmucli as t.ho concei'.tration nucleotides 
changes insignificantly, the decrease iri acid soluble phosphorus, 
probably, occurred due to a decrease in the I'onterT , 3-d iphospho- 

glyceric acid i^hi.-h can he evidence e^ a dlsdiirhance of 
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th6 transport oxygen. 

The value of the dry residue of blood and concentration of 
hemoglobin for the extent of the entire 1^0-day flight In both 
cosmonauts varies Insignificantly; this agrees w’th data obtained in 
the 96 -day flight. 

Studies of the acid soluble phosphorus and the 2,3-DPG entering 
into its composition is of interest from the point of view of 
verifying mechanisms which are the basis for disorders in the rate 
of synthesis of hemoglobin. The results of the studies of a mass 
of hemoglobin presented in Table 3 give evidence of a decrease in 
both crew members of the MC-II crew, on the average by 15^, in com- 
parison with the initial data. On day 7 postflight in the PE-II, 
the mass of hemoglobin was even more decreased and amounted to 
63 . 3 ? of the background indices. However, this decrease was smaller 
than that which was observed after 30 -day, 49-day and Q6-day flights. 

Data on the dynamics of extracellular fluid are presented in Table 4. 
After the l40-day flight one noted a decrease in the volume of extra- / 235 
cellular fluid more pronounced in the CC-II (3.1 ^ or l4.6^ of the 
initial value). In the FE-II, the decrease amounted to a total of 1.8^ 
or 8 . 2 %. The decrease in volume of extracellular fluid gives evi- 
dence of the development of extracellular dehydration postflight. 

At the same time, after the 96 -day flight, a decrease in volume of 
extracellular fluid was more pronounced. Thus, when studying the 
blood during and after a l40-day flight, the following changes were 
apparent: an increase in content of urea, decrease in mass of hemo- 

globin, the manifestation of extracellular dehydration. Increase in 
content of cholesterol, decrease in lipid and acid soluble phos- 
phorus. The changes noted in a number of indices of the biochemical 
composition of the blood were not observed in shorter flights; at 
the same time, they reached values making it possible to endanger 
the state of health of the cosmonauts. 


Study of the State of the Blood System 


Electron microscope study of the form and ultrastructure of 
erythrocytes shov>:ed that 89.5“!^ of the cells in the CC-II and 86. gf 
of the cells in the FE-II are dlskocytes of concavo-concave shape 
(Table 5, Figures 1, 1). Also a certain increase was noted in the 
cupola-shaped erythrocytes and erythrocytes shaped like a deflated 
ball (Table 8). During light microscopv, in the preparations one 
noted single erythrocytes with tooth and target -siiaped forms. A 
study of the character of distribution of erythrocytes showed a 
decrease in the average volume by 6. 6“ in the CC-II and by 4.11 In 
the FE-II (Figure 3). During comparison with preflight values an 
increase was noted in the quantity of erythrocytes of the small 
value of mass (Table 6). Determination of the electrophoretic 
mobility of erythrocytes did not show significant changes (^■’igure 4). 

With p:’opared electrophoretic dlstrlbut ion , one observed a relative 
Increase in fractions of erythrocytes with a large value of elt'ctricnl 
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Figure 1 . Electron microscope picture of the shapes of 
erythrocytes in the CC-II (day 1, X19,200) 


charge. The position of the fractions with maximum content of cells 
corresponded to the normal. 

The study of the structure of the hemoglobin showed that the 
composition [Page 24l missing but appears to be an error n pagination] 
of hemoglobin and the value of Isoelectric points were unchf-ni-^od / 242 

whereas fractions were discovered with more acid value of ^ ' iso- 

electric points characteristic for hemoglobin in mature forms of 
erythrocytes. When studying the functional parameters of curves of 
oxygenation of hemoglobin no significant changes were detected (value 
P 50 and Hill coefficient — within normal llm.lts). The indices of 
exchange of iron (concentration of iron in the serum, total and latent 
iron bonding capability of the serum) also were found within normal 
limits . 

When studying the morphology of cells of the white series, there 
were no pathological changes detected. One noted the presence of a 
loose structure of lymphocyte nuclei and single thrombocytes of 
gigantic shape. The cytochemical study of intracellular metabolism 
leukocytes showed an Increase in lymphocytes containing glycogen, 
the remaining param.eters of exchange were found within limits of the 
norm. The studies made showed that on days 0 and 1 postflight, no 
changes were detected giving evidence of development of pathology in 

180 ORIGINAL . 
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Figure 2. Electron-microscope picture of the shape of erythro-^^^^ 
cytes in the FE-II (day +1, Xl8,000) 


the blood system. 

Determination of the Kinetics of Erythrocytes 



The kinetics of erythrocytes in*both cos'.onauts after the 1^0-day 
flight changed unidirectionally . This was apparent on the first days 
postflight by a decrease in bone marrow production of erythrocytes 
with their quantity unchanged and a suopression of the proliferative 
activity of erythrold cells (decrease in the number of reticulocytes, 
Table 7,8). By the 27th day after landing, in both crew members, one 
noted i decrease in the quantity of erythrocytes, an Increase in the 
quantity of reticulocytes by 4 times and an increase in bone m.arrow 
production which apparently, can be explained by restructuring of 
erythroklnetlcs in the readaptation period. 


State of the Energy Exchange in Erythrocytes 

Study of certain indices of energy exchange in erythrocytes 
showed a decrease of it in both MC-IT crew members on the first days 
after landing (Tables 9, 10). 
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TABLE 5. DISTRIBUTION OF ERYTHROCYTES ACCORDING TO 
SHAPE IN MC-II CREW MEMBERS 


Shape of the 
erythrocyte 



of total number of erythrocytes 


plskocyt^s 

piskocytes with 
single growth 

piskocytes with 

’ ridge 

Dlskocytes with 

.multiple projectlo 

Cupola-shaped 

erythrocytes 

Erythrocytes 
shaped like mul- 
berries 

Erythrocytes shaped 
like a deflated 
ball 

Spherical erythro- 
cytes 


CC-II 


PE-II 


+ I day' Preflight ‘ 1 day 



Degenerative- changed 
erythrocytes 


0,5 


0,5 


0,5 


1,0 







TABLE 6. PERCENTAGE DISTRIBUTION OP ERYTHROCYTES DEPENDING ON THE 
VALUE OF DRY MASS IN THE MC-II CREW MEMBERS 


Subjects 

20-29 

Value of the 

30-39 

dry mass 

40-49 . 


Percent 

.Distribution Erythrocytes 

Control group 

16,1 2,5 
4,0-26 

bi 1 3,0 
47-75 

22 1 2,0 I,0l 0,0 
10-33 >'■ 

CC-II 

4 

54 

38 

Fref light 
Day 0 

18. 

58 

24 C 

PE-II 



* 


4 

68 

24 

Preflight 
Day 0 

26 

54 

20 0 

+I day 

32 

. 50 

lo 


[Commas In tabulated material are equivalent to decimal points] 


Thus, the content of ATP decreased by 2^.7^ in the CC-II and by 43. 1‘^ /'247 

in the PE-II; the intensity of glycolysis was decreased by 37.8^ and 
by 42.3^ in the CC-II and PE-II, respectively. In parallel with this, 
an insignificant decrease in activity of LDH was observed. The content 
of recovered glutathione in both cosmonauts decreased by almost two 
times. Also a decrease in activity of G6PD was noted (by 35.2% in the 
CC-II and by 41.2% in the FE-II), which attests to the change in 
intensity of the process of decomposition of glucose along the oentose- 
phosphati^ path. The data obtained differ from the results of studies made 
on the MC-I crew (Table 11). For instance, on days 1 and 7 after 
landing of the 96-day flight, a decrf'ase in the quantity of ATP was 
observed in both cosmonauts; here, the other indices were within the 
limits of the norm. However, one should note that in this case the 
comparison of the data obtained cannot be fully competent, because 
in th case of t'^.e l40-day flight a recalculation of the data ob- 
tained was done in grams of hemoglobin and in the case of the MC-I 
per 1 ml of erythrocytes. At the same time, a decrease in content of 
ATP noted in the erythrocytes of the MC-T crew members can be due 
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to increased consumption of 
energy necessary for main- 
taining the structural 
entirety of the cell. The 
increased decomposition of 
ATP can be due to an In-^. 
crease in activity of MA 
K'^-adenoslne-trlphosphatase . 

The examination miade on the 
35th day of the MC-I and 
on the 27 th day of the MC-II 
showed that almost all of 
the indices studied are 
within the limits of the 
physiological norm. 

The decrease we observed 
in indices of energy ex- 
change in the red blood 
corpuscles in conditions of the 
1^0-day flight possibly 
is due the process of 
adaptation of the organism 
to weightlessness conditions. 


Immunologic Studies /2^9 


Method 


Figure 4. Electrophoretic mobility 
of erythrocytes in the MC-II crew. 

(Along the ordinate axis — 
in ym • cm V"^ • s“M 

of lymphocytes and monocytes was separated 
of Immunocompetent cells from heparinized 
tionation on phycol- [43]. 


Blood for the studies 
was taken from the cubital 
vein on day 23 prefllght and 
then on days 1 and 24 post- 
flight. The material part of 
the study was also capillary 
blood which was taken from 
tne finger on day 7 prefllmht 
and then on days 0, 1, 2 and 
8 after landing. A fraction 
for suhpopulat ion analysis 
blood by a method of frac- 


The total content of thymus-dependent or T-] ymphocytes was shown 
by a method of spontaneous F, -rosette formation with sheep erythrocytes 
[44], The content of "active" T-lymphocytes was determined using the 
"active" rosette test [45]. The content of B-lymrhocytes with surface 
immunoglobulin receptors was determine; by a method of mmunof luor- 
escent coloration [^6], For determln. ng the content of B-lymrhocytes 
with receptors to the complement, an EAC-rc - • ‘:te formation method was 
used [ 47 ]. 


Determ.lnat ion of lymphocytes with recer'tors t o the Is-fmagment 
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TABLE 7. INDICES OF KINETICS OP ERYTHROCYTES IN THE CC-II 


Time period of 
the study 

Number of erythro- 
cytes mln/mn 

Bone marrow 
production 
of erythro- 
cytes (thou- 
sands per inm/day) 

Number of 
reticulo- 
cytes 
(%) 

Freflight 

/ ^ o 

on 0 


Postflight: 

Day 1 



o 

bay 27 • 

4,40 

24S,0 

' 7 

Norm 

4 1 o2 — 4 , v3o 

0S;G - 192,0 



[Commaj in the tabulated material are equivalent to decimaJ. points] 


of immunoglobulins was dor^' by a method described by Basten and co- 
authors [^3l. Reactivity the thymus-dependent lymphocytes (or 
T-cells) was evaluated using a method of PHA-blast-transformatlon 
in the I.V. Konstantinova and Ye. N. Antropova modification 

during which radloaudlographlcally one determined the appearance in 
a 2t-hour PKA-culture of lymphocytes with high heat synthesis, the 
RNA (including N^-urldine) and in the ^8-hour PHA-culture, the 
content of cells including N ^-thymidine . 

The quantitative content of immunoglobulins of the four main 
classes, IqC , IqM, IqA arid IqD was determined by a method of 
radioimmuno-dl f fusion in a gel (^9]. 

The allergic examination included the following test. Specific 
blastold transformation of lymphocytes of peripheral blood during 
cultivation in the presence of allergens of the basic representatives 
of automicroflora of man was done according to the method described 
in [59]. The reaction of retardation of migration of lymphocytes 
was established using the A.G. A’'tem'eva micrometnod in a modlflcatlo 
by L.A. Pol'ner and T.I. Serova This miethod was used both for de- 
termining the bacterial allergies and for diagnosis of allergies to 
chemical riompsunds characterlst Ic for inhabited herrnovolumes . Also, 
for this purpose uhe reaction of specific aggolomerat ion of leuko- 
cytes was used according to O.A. Alekseycva and L.A. I.ueva. 
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TABLE 8. INDICES OP KINETICS OF ERYTHROCY'^ES IN THE PE-II 


Time period of 
the study 

Number of erythro-r 
cytes mln/mm 

Bone marrow pro- 
duction of 
erythrocytes 
(thousand in ram/day) 

Number of 
reticulo- 
cytes (%) 

.Preflight 

4,57 

101,0 

Of 5 

Postflight : 




Day 1 

4,51 

47,8 


Day 27 

3,82 

209,0 

13,5 

■Norm 

4,52 - 4,88 

88,3 - IS2,S 8 


[Commas in the 

tubulated material are 

equivalent to decimal 

points] 


Intracutaneous clinical tests were made according to the usual method / 250 
with an evaluation of the results after 48 hours. 

Autoimmune tests included determlnat on of autoantlbodles of the 
IqM class opposite Immunoglobulins of humans in the blood serum 
(i-c.ction of agglutination to the latex-test reagent containing 
gamma globulin absorbed on the surface of particles in humans), and 
also by a method of determining antibodies opposite DNA. 


Results of Studies and Their Discussion 


After completing a l40-day orbital space flight the following 
information was found. 

The quantity of thymus-dependent lymphocytes in both crew 
members of the main crew appeared sharply decreased in the early 
tl'.ie periods of the examination. In the first days after landing, 
the content of T-lymphocytes determined by a method of rosette 
formation with erythrocytes of sheep, was 30% in the commander and 
32% in the flight engineer (with the lowest boundary of the norm for 
this index 55%) • On the 3rd day one noted similar figures, respectively, 
^5% and 4o^. Only on day 7 was this index normalized. The normal 
level of T-lymphocytes is also found on day 24 after completion of the 
flight (Table 1). 
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TABLE 9. ENERGY EXCHANGE IN BLOOD ERYTHROCYTES IN THE CC-II 


/245 


todleea studied 


Day +1 


Day +25 


Physlologlcftl' 

norm- 



m In iiM/g 


4,242 


7,097 


5,636 + X',2 



. Intensity of glycolysis 
Caccordlng 1:o increase 
in lactic acid in uM/g 

TS 

• ■ v' y’ ‘ 

' i 

j 4,530 

6,647 

. 1 

I 

7,286 - 0,265 | 

j 

1 

Glutathione recovered 
in yM/g 

=■'- i A, 

4,444 

9,200 

J 

9,618 + 0,484 

i • 

LDH in yMNADNa/g 
in 1 min* 

21,556 

29,485 

24,85d + u,,4ci 5 

: G6PD in yM MADPNa/g 

1 in 1 min. 

1 . . , . , ■ 

1 

2^633 

\ 

2,775 

4,374 i C,39C 


[Commas In tabulated material are equivalent to decimal points] 


Hi 


The content of ’'active" T-lymphocytes In the first days was 
significantly increased both in the commander in the flight engineer 
(71? and 68?, respectively). Later on, in the commander and gradual 
normalization of the content of "active" T-lymphocytes was noted 
reaching on days 3 and 9 the upper boundaries of the norm (53? and 
51?). On day 24, this index reached the preflight level. In the 
flight engineer, after a brief normalization apparent on day 3, in 
the succeeding examination period, on day 9, one noted a repeated 
increase in the content of "active" Tr.lymphocytes (57?) with a 
return to normal during analysis made a month after the flight. 

A study c the functional state of T-lymphocytes showed a sharp 
decrease . the activity of this most important population of 
immunocorapentent cells (Table 2 ). 


/250 
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TABLE 10. ENERGY EXCHANGE IN BLOOD ERYTHROCYTES IN THE FE-II 


Indices studied ' 

Day +1 " 

Day +25 

Physiological ■ 
norm * 

ATP in tiM/g 
• 

3,206 

5,897 

5,633 +0,297 

Intensity of glycolysis 
Caccordlng to, Increase of. 
■ lactic add -.In vM/g ) 

4,201 

5,663 

7,283 + 0,265 

Glutathione recovered In 

; UM/g 

4,476 

6,095 

9,818 + 0.484 

LDH In NADNa/g 

for 1 min. 

16,012 

20,516 

• 24,uo5+ Oj^tbj. 

G6 PD In pM NADPNo/g 

for 1 min. 

2,573 

4,114 

4,374 i; 0,323 


[Commas in tabulated material are equivalent to decimal points] 


The capability of the T-lymphocytes for blastoid transformation / 253 

evaluated according to the discovery in the earlier time periods of 
cultivation of high labelled lymphocytes (containing 50 and more 
granules of recovered silver) was studied in the first 2^ days. 

Preflight the PHA-reactlvlty of T-cells in both cosmonauts is normal 
(22.3^ and 21.3% of high labelled according to N^-uridlne of cells). 

In the first days after landing, this index in the commander and 
flight engineer was sharply decreased (respectively, 3.3^ and 2,7% 
with allowable normal variations from 15 to 26?). The capability of 
lymphocytes for proliferation in this time period in the flight 
engineer also was Insignificantly decreased (12.7? lymphoctes 
including N^-thymidine after ^8 hours of cultivation of cells with 
PHA). On day 24 postflight, indices which characterize the functional 
state of the T-lymphocytes were fully normalized. 

The study of the content of immunoglobulins in the blood (Table 
3), showed in the early time periods postflight ("0” days and the 
first days after landing) a significant decrease in the flight 
engineer of the level of IqG (respectively, 590 mg? and 580 mg?). 
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TABLE 11. ENERGY EXCHANGE IN ERYTHROCYTES OP THE BLOOD IN MC-I GREW MEMBERS BEFORE AND 

AFTER PLIGHT 





ICoramas In tabulated material are equivalent to decimal points] 




























TABLE 1. RESULTS OP SUBPOPULATION ANALYSIS OF LYMPHOCYTES OP THE 
PERIPHERAL BLOOD OF MEMBERS OF THE SECOND CREW OF THE SCIENTIFIC 

ORBITAL SALYUT-6 AND SOYUZ COMPLEX 


Studies 




I study 
« 

1 
* 

f 


•fTCtotal) i T 


With. 

®il6gtc'\ • of the- receptors 

i.r£C£pt.oiLBl aomr- 

plemeht 


Pref light 



- 26 

75.2 

37.0 

24.0 

20.0 

O'/.O 


- 3 

o?.0 

30.0 

22.0 

13.0 

15.0 

Spacecraft 

commander 

Pos t flight* • 







I- 

30.0 

71.0 

19.0 


u 


3 

45.0 

53.0 


or 

*r ‘7' ^ 

^ w • w- 


9 - 

67.0 

51.0 


. T-i n 

0* 

^ \ . 


24 

56.0 

35.0 

24 . 0 


TQ n 

^ v-ze w 

mm ^ 

— 


— 

— 


- - — 


Pref light 

\ 

\ 






- 25 

59.0 

39.0 

• 0 

. 0 

t -“*■ 

u 


- 7 

63.0 

21.0 

21.5 

12.0 

13.0 

Plight 

Postfllght - 






engineer 

I 

32.0 

63.0 

19.5 

19. u 

^ A. « ^ ' 


3 

40.0 

45.0 


i. » • • 9' 


■ - 

9 

32.0 

57.0 


^ .-i • 

J ■ 

i • » * 


24 

53.0 

41.0 

26.0 

17.0 

19.3 


/ 251 


190 



TABLE 2. BEkCTmTt OF LYMfHOCYTES OF BLOOD IN REACTION OP FHA« 
BLAST-TRANSFORMATION, DEFINED BY INCLUDINS RADIOACTIYELY LABELLED 
FREC»^RSORS OP NUCLEIC ACIDS CRADIOAUDOORAPHY METHOD) 


Tes^ 

jUays of 
I , the study 


• commander 

! -flight engineer 

Lyrophooptes with 

Pr -flight 
- 23 

21.3 

22.3 

a high rate of 
aynthesls of MA 
.C©?eatejj than 50 

Postflight 

I 

3.3 

2.7 

Srahules over oells, 
uridlne-N®) in a 2^1- 

24 

. 31.3 

13.3 

hr culture with PHa 
Content :{;?) of 

. Pre flight 
- 26 

40.0 

40.2 

labelled lympho- .* 
cy tea according to 

Postflight 



thymldtlne-N^ in a 

I 

22.0 ■ 

12.7 

48-hr culture with 
PHA 

24 

39.4 

28.0 


*PHA — phytohemoglutinln (DlfecP) 


In the commander, only on the day of landing, was a tendency noted 
toward a decrease in the level of IqC (910 mg55 with preflight level 
1310 mg?). The content of class A immunoglobulins in the flight 
engineer on ”0” days and on the first days was significantly lower 
than the preflight (105 and 90 mg?, preflight content — ^l60 mg?), 
remaining, however- at a level close to the lower boundary of the 
norm. 


Determination of certain indices which characterize the presence 
of autoimmune reactions showed the following. 

In the flight engineer preflight with multiple examinations one 
noted the presence in the blood of autoant ibodies against human 
gamma globulin (positive reaction) on the landing day, in this 
cosmonaut, the reaction primarily remained positive. After 8 days, 
this reaction became even more pronounced C+++). 

Both these cosmonauts underwent an allergologlc examination 
CTable 


/ 252 


/ 2 ^ 
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TABLE 3. THE CONTENT OP IMMUNOGLOBULINS, ANTIBODIES TO IMMUNOGLOBULINS 
IN MAN AND ANTIBODIES TO DNA IN THE BLOOD SERUM OP MEMBERS OP THE SECOND 

OP THE SCIENTIPIC ORBITAL SALYUT-6 AND SOYUZ 

COMPLEX 


studied I Content of tamunoglobulln^^Jf 4 

. _ _ - -i_ _ _ ji<i£ _ - alfl I3!L - IS®. Jri" i' 


Commander 


14 J3 

420 

32 

D 

^ (latex test) 


r\ 

“O 

IJtJ 

305 

124 

3 

Not determined — 


Postflight 






0 

310 

233 

64 

3 

13 


I 

1010 

235 

33 

0 

14 


24 

T220 

232 

104 


M 

Plight 

•Preflight 





Engineer 

-23 

1030 

335 

74 

I 

2 + 



1030 

435 



Not determined+ 


Post flight 






3 

500 

135 

50 


j ''* + 


t 

W 

j 30 

00 

4 J 


13 


0 

"30 

233 

74 

sJ 

•H-i- 


24 

1010 

320 

7.1 

■j 

13 -H-+ 


In the postflight period, in the flight engineer the appearance / 255 
of signs of hypersensitivity of a retarded type, absent earlier toward T“ 
microallergens was established (staphylococcus and streptococcus). 

This was confirmed by the behavior of the appropriate positive skin 
testa and for streptococcus— also by production In _ of lympho- 
cytes of the corresponding lymphoklnes (factor of inhibition of 
migration of leukocytes). 
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TABLE H. ALLERSOLOQIC EXAHINATXON OF CREW HEHBER8 OF THE SCIENTIFIC 
RESEARCH SALYUT-%6 AND S.OYU1 C,0?PLEX . (SECOND. .S3CPBa51T3^^^ . 


/Hi 


Test 


Coi^ndeF Flight enginttr 

Pr4^‘ Phat* Pra- Poat- 


. flight iOii^ mi^ 


I. 

Specific blast«transformation 
In' ^ti^ of transform cells) 

to ‘staphylococcus 

1.5 

2.5 




to streptococcus 

1.8 

2.0 

- 

- 

s. 

Determination of the factor 
of inhibition of migration 
of leukocytes (MIF) 

to staphylococcus 

++ 

+ 




to streptococcus 


+ 

. 

+ 


to formaldehyde 

not det. 

++ 

not det. 

- 


Clinical intracutaneous 
test (hypersensitivity of 
the retarded type]) 

to staphylococcus 


+ 


+ 


to streptococcus 

++ 

++ 

- 

+ 

A. 

Reaction of agglomeration 
of leukocytes to chemical 
allergens 

furfural 

not det. 


not det. 



phthallc anhydride 

not det. 

- 

not det. 

- 


diotilglycol 

not det . 

- 

not det. 

- 


trlethylglycol 

not det. 

•e 1 ,■ h 

not det. 

not del 


foimialdehyde 

not det. 

■f 

not det. 

+ 


After the flight a test was made of the possible appearance of / 255 
hypersensltivty to a certain substance of chemical nature. Com- 
pounds were selected which are widespread Industrial allergens and 
c one entratlorf were determined differently in hermetically sealed 
inhabited volumes. In the blood samples taken on days 1 and 2h 
post landing, a positive reaction was discovered to formaldehyde. 

The index of agglomeration of leukocytes on these dates was equal to 
2.0 and 1.8 in the commander and 1.5 and 1.6 in the flight engineer. 

The reaction of inhibition of migration of leukocytes also was ap- 
parent In the commander with a noticeably pronounced positive reaction 
to formaldehyde (++). 

In this way, in the crew of the second expedition of the scientific /257 
Salyut-6 and Soyuz complex, after the l40-day stay in flight conditions, 
changes in immunologic reactivity were apparent. 

The dynamics of many of these changes apparent during blood 
analysis taken from the finger were traced in adequate detail. 

Changes in the content of separate populations of immunocompentent 
lymphocytes were very pronounced although short-lived and also 
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hypogainmoglobulinemla of the Xq(l«>type, very deep In the flight 
engineer and Insignificant In the coiamander. In the flight engineer 
In the first 2 days, one noted a relative hypogaamoglohullnemla of 
the IqA-type, 

The reactivity of thyraus^sdependent lymphocytes requiring venous 
blood was determined after landing,, twice, on days 1 and 2H after 
landing. In the first days. In '.both cosmonauts a severe drop In 
functional activity of T-lymphocytes was discovered. After 2% days, 
this index corresponded to the preflight level. 

Apparently, conditions of staying onboard an orbital station 
affect primarily T-^lymphocytes, The content of B^cells, both as a 
total determined by immunofluorescent method and In the subpopulation 

apparent in the presence of receptors to the complement, did not 
change after the l^lO-day flight. 

Damage to the T-lymphocytes themselves is also comflrmed by 
symptoms of sensitization of the organism to a number of allergens. 

The manifestation in one of the cosmonauts for hypersensitivity of 
a retarded type to bacterial allergens (staphylococcus and strepto- 
coccus) was discovered. Tests with chemical allergens preflight 
were not made and therefore a discussion in both cosmonauts after 
landing as to pronounced sensitization of formaldehyde requires a 
certain amount of care. In spite of the fact that one does not 
encounter a standard for sensitization to this chemical substance, 
it is impossible to completely exclude the possibility of the 
appearance of high sensitivity to formaldehyde earlier, for example, 
in the stages of preparation for flight. A detaliod analysis of / 258 

sensitivity to the chemical allergens before and after space flights 
will be continued in the future. However, even right now, the data 
obtained on the presence of sensitization in the cosmonauts to this 
component, constantly defined in small quantities in different types 
of hermovolumes, can be used as the basis for conducting a number 
of appropriate practical measures directed at analysis of the 
sources for generation into an artificial atmosphere of formaldehyde 
or its compounds and a search for eliminating them. 

Thus, after landing the l^lO-day flight, changes were noted in 
Immunoreactlvity which are distinguished by significant appearance 
and polymorphism. 

Up to the present time, the question remains open of the con- 
nection of the increasing duration of man’s stay in space flight 
conditions with an Increased disturbance in the system of immuno- 
logic protection of the organism. 

On the one hand, in spite of a high frequency of individual 
peculiarities of immunoreactlvity, and also the small number of 
observations for separate flights of considerable duration, there 
are certain bases for assuming definite stages of adaptation of the 
immunocompetent system to the effect of space flight factors , After 
30-day and 63 -day orbital flights we discovered a number of marked 
changes some of which had not disappeared a month after landing. 
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After Increasing the duration of flight to 96 days, we discovered 
hardlv any rough changes in immunoreactivity postflight. Then after 
the 140-day flight, again in both cosmonauts la number of significant 
deviations occurred relating both to the quantitative characteristics 
and the functional tests which characterize the state of separate 
mechanisms of immunologic reactivity. 

On the basis of the observations made one can propose that the /239 
first stage of adaptation of the immunocompetent system in conditions 
of space flight occurs during the first 2 to 3 months after which 
a subsequent stage sets in marked by a secondary imbalance of the 
mechanisms defined. Finally, a further accumulation of factual 
material Improvement from flight to flight of the system of prophylactic 
measures used on board and a number of other moments can result in 
serious corrections in our concepts of dynamics of adaptive reactions 
of the immunity system which occur in flights of long duration. 

A study is considered necessary of immunologic reactivity, directly 
in flight for Isolating the initial deviations, which occur in these 
conditions, from possible reactions of readaptation to Earth con- 
ditions. 

What ha^ been presented applies to a basic circle of problems 
involving prediction of change in the reaction of the immunities, 
providing resistance of the organism to bacterial and virus in- 
fection and resistance to autoaggression. Moreover, apparently. 

Special attention of specialists must be directed at a problem 
involving danger of complication of an allergic nature occurring 
in conditions of long-term space flight. 
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^.5» Mleroblologlcal Studi es /260 

Method 


In the process of preparation and accomplishment of flight of 
the second main crew, a study was made of the visible composition and 
quantitative Indices of microflora of the nasal cavity, the oral 
cavity, and the skin of cosmonauts and also the quantitative and 
qualitative composition of their Intestinal microflora. 

In the pref light and postfllght period, selection of samples of 
mlcroflora was accomplished by the classical method and In the flight 
process using a specially developed apparatus which provides preserving 
the mlcroflora for the time period necessary for delivery of the samples 
to Earth. 

Inoculation of the mlcroflora was done on a number of selective 
and differential diagnostic media. Identification of the micro- 
organism was made In accordance with joint Sovlet-Amerlcan administra- 
tion 151,1. 

A study of quantitative relationships In microbiocenosis of the 
intestine was done according to a method recommended by Haenel and 
Muller — Benthow [52] In the N.N. Liz'ko modification [53, 5^3. The 
following groups of mlcroorganismjswere considered quantitatively: 
the total quantity of anaerobic bacteria, bacterolds, blphydobacteria, 
the total quantity of aerobic bacteria, lactobacllll, intestinal 
bacilli, streptococci, enterococci, Clostridia, staphylococci, yeasts, 
the total quantity of conventionally pathogenic enterobacteria, 
protel. Deter.nlnatlon of the total quantity of anaerobic bacteria, 
bacterolds, bynhydobacterla and lactobacllll was done using the 
application of indicators with 4 — 6 hour cultures of Serratia marcescens 
In the dish w5 th the appropriate nutrltltlve media for" cr eat Ing / 26l 

anaerobic coriltlons. Isolation and proven quantitative calculation 
w'f the conv^;ntionally pathogenic mlcroflora of the family Entero- 
bawterl a ciiae was accomplished using a Bendig, Haenel method in 

a modification by S.K. Kanareykina and N.N. Liz'ko [58]. 

The strains Isolated were identified using a number of biochemical 
tests recommended by G.P. Kalina [573. 


Results of the Studies and their Discussion 


The studies made when carrying out flights of the Soyuz space- 
craft series and the Salyut orbital stations showed [58, 59, 60] that 
in conditions of man's living in space object cabins, the following 
changes occur In the composition of automicroflora of their integu- 
ments In most cases: 

— the total number of representatives of normal mlcroflora 
changes: 
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— on the mucous membranes of the upper respiratory tracts 
microorganism appear which are not Inherent for vegetation on these 
sections of itan's integuments; 

.in carriers of pathogenic microflora the number of micro- 
foci increases formed due to these microorganlsm 9 ; 

— a temporary colonization of pathogenic staphylococci occurs 
on mucous membranes of the upper respiratory tracts in persons free 
from these carriers earlier* as a result of transmission of the indi- 
cated microorganisms from other crew members; 

-- biological properties of pathogenic representatives of 
microflora change toward an Increase In their pathogeneity . 

In accordance with the existing representatives [6l, 62] the 
recorded changes are considered as disbacterlal and are one of the 
predisposition states in development of infectious diseases. 

There Is a basis for considering that the Indicated diseases can / 262 
develop not only as a type of autoinfection hat also as a result of 
Interexchange of representatives of mlcrofl*<ra in the form of so- 
called ”lntersecting infection.” This circumstance was the basis 
for conducting studies on the microflora of the air atmosphere and 
Internal surfaces of the orbital Salyut station as the basic 
factors for transfer of microorganisms In these conditions. 

Such studies were made during operation of the crews in the orbital 
Salyut-1, Salyut-^4 and Salyut-6 stations (first main crew). 

The data obtained attest to the possibility of a significant 
accumulation of microorganism^ in the air atmosphere and on the in- 
ternal surfaces of the interior and equipment of the station. Then, 
in tests one detected pathogenic staphylococci and from certain 
surfaces microorganisms of the Proteus roiralilis species were Isolated 
in a large quantity; these were capable of causing diseases in man. 

The first main crew worked in the orbital Salyut-6 station for 
a period of 96 days. Then, in the cosmonauts one noted marked changes 
in the species composition of the microflora of the upper respiratory 
tracts. The time periods for the second main crew in the station 
was Increased to 1^0 days. However, when conducting studies of the 
mlcroflora of these cosmonauts during flight, no unfavorable changes 
were established (see Tables 1—4). The mlcroflora of the mucous 
membranes of the upper respiratory tract and skin of the palms in 
crew members represented constant inhabitants of these section in 
healthy persons . 

In the nasal cavity, primarily th-c following were determined: 
epidermal staphylococci, Corynebacterla (C. Pseudodlphterltlcum 
C. equl, C. group C) in the nasal cavity and' mounth-- CTfeptOgg7mis 
saliv . , streptococci IV of the biochemical type, nonhemolytic strepto- 
cocci, -'pidermal stephylococcl , Corynebacterla (C. group G), on the 
skin of the hands basically — epidermal staphylococci. No pathogenic / 271 
staphylococci or other microorganism which are considered as possible 
agents for infectious diseases in the cosmonauts were discovered 
during flight. 
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The peculiarity of composition of mlcroflora of the nasal cavity 
of crew m^bers In the last days of flight was the presence in the 
samples of nonhemolytic streptococci, and In comrade V.V. Kovalenok, 
besides this, nonpathogenlc Neisseria, belonging to the Nelsserlum 
flavescens specie^. 

In essence, the mlcroflora of the upper respiratory tracts of 
cosmonauts during flight retained the characteristics Inherent in 
them In the preflight period. Appropriate studies made during the 
month after launch showed that the automicroflora of the skin in 
members of the second main crew was characterized by quantitative 
and qualitative Indices within the limits of values inherent in a 
healthy person. In this period, pathogenic staphylococci were de- 
tected in the upper respiratory tracts of cosmonauts only once. Part 
of the strains of staphylococci Isolated from comrade V.V. Kovalenok 
belong to the phagotype ZA/81, and the other part — two microbes of 
an untyped International set of staphylococci bacteriophages. Staphylo- 
cocci detected on day 4 prelaunch in comrade A.S. Ivanchenkov had 
phagotypes ZC/55/71 or were of the untyped form. 

The absence of significant shifts in the composition of micro- 
flora of the skin in cosmonauts was confirmed also by the results of 
studies of therapeutic stability of staphylococcus flora. Studies 
made earlier showed that the appearance of dlsbacterlotlc changes in 
the composition of mlcroflora of the cosmonauts, as a rule, is 
accompanied by a change in biological properties of its separate 
representatives, in particular, the sensitivity of staphylococci 
grown on the Intdguments to antibiotics. When conducting these studies, 
no changes in this index was noted in the cosmonauts. 

A certain epidemiologic danger for members of the main crew exists / 272 
with the visits carried out to the orbital Salyut-6 station. With the 
combined stay of two crews in the station rooms, the possibility of 
Infection of cosmonauts with pathogenic microorganisms during inter- 
exchange of mlcroflora increased considerably. The long term stay in 
isolation and the effect of space flight factors to which they were 
subjected was particularly Important for members of the main crew. 


Due to this, for conducting preflight examination of members of 
the visiting crew, particular attention was devoted to establishing 
barriers of pathogenic mlcroflora among them and evaluating the 
epidemiologic danger. 

Studies showed that in the upper respiratory tracts of the 
cosmonaut-scientists in first crew of the visitors In the preflight 
period, pathogenic staphylococci, untyped in the international set of 
staphylococci bacteriophages, and gram-negative bacilli of the 
Klebsiella edwardslella type were detected. 

Pathogenic staphylococci were isolated also from the oral cavity 
and throat of the commander of the second visiting crew. The Indi- 
cated microorganisms belong to the 53/83A phagotype and had a high 
toxigenic activity. In the oral cavity of the cosmonauts scientists 
in this crew 8-hemolytlc streptococci were isolated in the prelaunch 
period. 


The microorganisms listed are considered as possible agents of 
infectious disease In space flight conditions. The circumstance 
Indicated was the basis for conducting special studies directed at 
determining the potential danger from the carriers discovered of 
conventionally pathogenic microorganisms for members of the main crew. 

The data obtained are evidence of the fact that members of the 
visiting crews are not active generators of pathogenic staphylococci, 
B-hemolytic streptococci and klebslella in the ambient atmosphere. 

After completion of space flights, a manifestation was noted in 
members of the visiting crews of a significant quantity of pathogenic 
staphylococci. In a mmiber of cases not detected in them in the 
immediate preflight period. Here, the total number of microbes 
increased insignificantly In the cosmonauts. An explanation, of 
this phenomenon can include the fact that the visiting expedition ts 
stay in the orbital Salyut-6 spac^ station coincided with the period 
of their adaptation to the effect of space flight factors. 

Apparently, in the process of this restructuring of the organism 
of cosmonauts, a tendency occurs for activation of conventional 
pathogenic microflora and conditions are created for their manifesta- 
tion as a result of an increase in the existing microbe "latent” 
focus of carriers of pathogenic staphylococci which earlier was 
not successfully determined when conducting studies in the preflight 
period. 

In the process of mlcroblologic study of members of the second 
main crew, significant changes in composition of their automicro- 
flora were recorded in the immediate post flight period. They showed 
up (day of landing and day i post flight) in the upper respiratory 
tracts of cosmonauts as pathogenic staphylococci and 8-hemolytic 
streptococci. 

The content of B-hemolytlc streptococci in the oral cavity of 
crew members of the second main crew in this period was extremely 
high 8 — 9 X 10^ microbes for 20 ml of wash and in the cosmonaut 
V.V. Kovalenok the indicated microorganisms were discovered also in 
the nasal cavity where their quantity reached 9 X 10** microorganisms 
per tampon. Such a significant degree of increase of microbe in- 
oculation in the upper respiratory tracts with e-hemolytic streptococci., / 274 
considering their role in infectious pathology in man, can be considered 
in accordance with bibliographical data [63, 64] as an unfavorable 
prognostic characteristic. After 7 days postflight the microflora of 
the upper respiratory tracts of cosmonauts normalized in its index. 

The results of phagotyplng of pathogenic staphylococci isolated from 
the upper respiratory tract in the cosmonauts gives us the basis for 
hypothesizing that in the process of combined stay in the orbital 
station a transfer of pathogenic staphylococci of the 3C/55/71 phago- 
type was possible from cosmonaut A.S. Ivanchenkov to a second member 
of the crew. Colonization of the staphylococci of the 3C/55/71 
phagotype on mucous membranes of the nasal cavity in comrade V.V. 

KovalSnok was temporary. On the 7th day, pathogenic staphylococci 
began to be isolated in him. In cosmonaut A.S. Ivanchenkov, on the 
day of landing, also pathogenic staphylococci of the 53/83A phagotype 
which are not characteristic for him were detected in the oral cavity. 
Staphycococcl of this phagotype both pre and postflight were discovered 
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in the oral cavity of the coirnnander of the second main crew, V.S. 

Bykovskiy. However, we have no direct data on the mechanism of 
transfer which is the basis for the noted interexchange by pathogenic 
staphylococci. In a later long term time period after landing, in 
the upper respiratory tracts of cosmonaut A.S. Ivanchenkov, again one 
began to detect pathogenic staphylococci characteristic for him 
belonging to the 3C/55/71 phagotype; this is evidence of recovery of 
the microbe picture inherent for him. 

Microflora of the skin both in members of the main crew and in 
visiting crews during the periods of studies was represented by 
epidermal staphylococci and corynebacterla of different species; 

C. zerosis. C. pseudodiphtariticum . C. Bovis . C. equi. C. groups G and 
C according to Evans. 

Pathogenic microorganisms on the sections of skin studied in the 
cosmonauts were not determined. An increase in the total number of 
microbes on the skin of the cosmonauts postflight, in comparison with / 275 
the results of preflight studies, was not noted in most cases. 

Changes in the species composition of microflora in different time 
periods of examination resulted in a change in the ratio of staphylo- 
cocci and corynebacterla and also a shift in the single dominating 
species of the other Corynebacterla. When comparing the data pre- 
sented with the results of studies made earlier (flights of the 
Soyuz series spacecraft, first main expedition to the Salyut-6 station) 
a direct relationship between the expression of shifts in the state 
of automicroflora of the skin in cosmonauts and time period for work 
of members in Space was not successfully established. As was pointed 
out, the duration of space flight does not have a direct effect on 
the degree and character of microcontamination of the habitable medium 
of space objects. To a significant degree, the latter depends on the 
volume of sanitary measures taken and observation of routines for using 
them. 

The sanitary and epidemiologic circumstances on board the 
orbital station with multi-month time periods for functioning, 
primarily, are determined by such factors as individual characteristics 
of the mlcroblo"’ ogical status inherent in the cosmonauts, expression 
of adaptation reactions to conditions of space flight, the character 
of work done, the thoroughness of fulfilling the measures described 
for maintaining a sanitary and hygienic routine, the volume and 
character of perslonal hygiene methods used. 

As to prevention, apparently, the most important must be de- 
velopment of the complex of sanitation measures directed at normalizing 
the composition of microflora of cosmonauts for stages of preparation 
an'’, in the process of completing spaceflights by them. 

In accordance with the data obtained one can conclude that in the 
initial period of readaptation of cosmonauts, who have completed long- 
term space flights, to conditions of Earth, conditions are created 
which are favorable to development of infectious diseases in them. 

The circumstance indicated makes it necessary to develop and use / 27' 

measures for prevention applicable to this period. 


When studying the Intestinal mlcroflora in the first crew members 
of the second expedition 2i| days preflight, Insignificant 

dlsblotic changes were apparent in biocenosis of the intestines 
applying only to a disturbance in the relationship between blphyto- 
bacterla and intestinal bacilli. As to the quantitative content of 
the remaining groups of microorganisms thel*B were no peculiarities 
noted in the picture of Escherichia, enterococcus flora, or in the 
species composition of conventionally pathogenic enterobacteria. When 
identifying isolated cultures of bacteria of the Enterobacterioceae 
family, bacteria of the genuses Cltrpbueter (8 X lO**) and Kl. pneumonae 
(2 X 10*^) were detected whose content did not exceed the norm established 
for healthy persons. Taking into account the lability shown earlier 
of intestinal microflora to the stress effects, and also duration 
before the flight' for maintaining stability of microbe cenosis of 
the intestine and prophylaxis of disbacteriosis, the use of the drug 
Byphydumbacterln was recommended with 10 doses per day for 2 weeks. 

When studying the composition of the intestinal microflora for 24 
hours preflight, hygiene showed a favorable effect which was marked 
by disappearance of conventionally pathogenic enterobacteria and a 
certain decrease in content of enterococci. In the pi*«launch period, 
no changes were noted in the quantitative content of lactobacllli 
and a decrease in blphydobacterla was not marked (Figure 1, CC-II). 

During studies on the 6th day postflight, no significant changes 
were detected in the state of the aerobic flora of the intestines. The 
content of intestinal bacilli, streptococci, conventionally pathogenic 
enterobacteria were found in limits of the norm established for healthy 
mature persons. During identification of representatives of the family 
Enterobacterlaceae bacteria of the Cltrobacterec species was Isolated 
(6 X 10^). Besides an absence of significant shifts in the aerobic 
flora of the intestines, in the postflight period one detected a de- / 278 
crease in lactobacllli (by almost 100 times) and disappearance of 
blphydobacterla . 

In subsequent time periods of the study, on days 10 and 25 of the 
postflight period, no peculiarities were discovered in microbe 
cenosis of the intestine in comparison with the preceding^ examination. 

On day 25 pcstflight a certain Increase in the content of lactobacllli 
was noted. 

In the second member of the crew on day 24 preflight a disturbance 
in the relationship between byphydobacterla and Intestinal bacilli was 
discovered, the latter only insignificantly lower than the content of 
the first. In quantitative and species characteristics of the re- 
maining groups of microorganisms determined, there were no peculiarities. 
For stabilization of blphydoflora and also taking into account its 
lability in extreme conditions, in the second cosmonaut, as in the first, 
intake of Blphydumbakterin was recommended in a quantity of 10 doses 
per day for 2 weeks. 

When studying the composition of Intestinal microflora for 4 days 
preflight no changes were discovered in the blphydoflora for lacto- 
flora (Figure 1, FE-II). 

On the second day postflight, in the composition of Intestinal 
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Figure 1. Change In Intestinal mlcroflora in cosmonauts in the 
l^io-day space flight 


microflora normal eubiotlc ratios were apparent. Here, domination by / 
biphydobacteria over aerobic flora occurred and the content of 
Escherla, streptococci, Clostridia, Protei and conventionally pathogenic 
enterobacteria did not exceed the norm established for healthy mature 
persons. During examination on the 10th and 25th days postflight, 
certain variations were discovered in the quantitative content of 
biphydobacteria (toward a decrease) and intestinal bacilli (toward 
an increase) which caused a breakdown in the relationship between 
these groups; but the character of these changes did not differ from 
deviations determined in the preflight period. 


fhust the studies showed that in the crew meabers of the second 
expedition, in spite of the long duration of the flight, shifts in 
the eonposition of the bacteriomicroflora were less pronounced in 
comparison with changes in the mlcrobiocenosis of the intestines In 
cosmonauts in the first expedition. The latter were characterised 
b^ the following peculiarities. For instance, in the first cosmonaut 
in the first days after completion of the flight, a sharp Increase was 
apparent in the content of protei (by 1000 times) in comparison with 
the preflight level recorded for 5 days preflight (Figure 2, CC-I). 
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Figure 2. Change in intestinal microflcis in cosmonauts during 

a 96-day flight 


Besides the changes In the indicated groups of microbes, an Increase / 279 
was noted in the content and other conventionally pathogenic entero- 
bacteria in values exceeding the norm. For Instance, the content of 
bacteria of the Ent. cloaccae genua amounted tc 5 X 10®. Moreover, 
one should indicate a change in biologic properties of the Intestinal 
bacilli isolated in the cosmonauts postf light. Also a marked de- 
crease in lactobacilll occurred (by 100 times) in comparison with the 
preflight data. In the second cosmonaut of the first expedition, on 
the f5rst cays after completion of flight, a sharp (by 1000 times) 
decre/.se was apparent In lactobacllll and an Increase in protel 
(100 vjLmes) in comparison with the preflight data (Figure 2, PE-I). 

Thus, an absence of marked changes in the aerobic flora of the 
intestine in cosmonauts after a l^lO-day flight, apparently is due to 
intake of th*; drug Blphydumbacterln In the preflight period. At the 
same time, probably, the hygienic measures taken were Inadequate for 
maintaining stability of the anaerobic component of biocenosis — bi- 
phydoflora in the first CC crew member of the Soyuz-29. Moreover, 
one should note that during flight, the first cosmonaut took the 
drug Madribone (sulfodlmethoxln) which can facilitate 'evelllng off 
of the blphydobacterla. In the second cosmonaut, th vel of bl- 
phydobacterla postfllght was not different from the p. .’light data, 
which, apparently, was due to the favorable effect of amino acid / 28l 

additives on the state of the blphydoflora; this add! ’ was taken 
during flight, whereas the first did not receive it at +• ' time 
(Figure 1). 

A similar effect when using vltamin-amlno acid additives was 
achieved by us in crew members of the second expedition of the orbital 
Salyut-^ station (Figure 3) and also when conducting ground experiments. 

A decrease in content of lactobacllll postfllght in both cosmo- 
nauts is a principle reaction of lactoflora to staying In extreme 
conditions. On the other hand, one should note an Increase in the 
acid forming activity of lactobacllll which can be considered a 
compensatory reaction to their quantitative increase. 

Taking into consideration the Important role of microflora In 
the protective function. It Is expedient to recommend, besides bl- 
phydumbacterln, Inclusion In the first aid kit onboard of lacto- 
bacterln Intended for prevention of changes in the lactoflora during 
antibiotic therapy. 

Thus, the data we obtained attest to the good prospects for the 
drugs used by the cosmonauts (the drug Blphydumbacterln and the vltamin- 
amlno acid supplement), which facilitate normalization and regulation 
of the composition of Intestinal microflora In the conditions of space 
flight. 
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.PARTY . 

RECOVERY MEASURES IN THE READAPTATION PERIOD 


The primary task of the recovery measures after completion of /289 
the extremely long l40-space flight was to provide adequate readapta- 
tion and more complete and rapid recovery of changed functions and 
work capability of the cosmonauts. 

The recovery measures (RM) after the l40-day space flight (SP) 
were developed on the basis of results of the preceding 62-day and 
96-day flights and experimental study and were considered as a con- 
tinuation of the prophylactic measures taken on board. Depending on 
the Individual peculiarities of the cosmonauts and the vicissitudes of 
the course of readaptatlon processes, RM were conducted differently 
and were corrected dally on the basis of clinical and physiological 
exairiinations (CPE) and the subjective state of the cosmonaut. 

The use of complex recovery measures whose task was to provide 
complete and rapid recovery of the changed functions and work capability 
of the cosmonauts was based on their objective state, previous experi- 
ence in conducting RM after earlier completed SP and the recommendations 
developed during experimental studies. The entire complex of RM was 
conducted in two stages: in stage I for 12 days the RM were conducted 

at the cosmodrome then on day 27 (stage II) in the sanltorium condi- 
tions (Kislovodsk mountains). 

Clinical and physiological examination of the cosmonauts after 
landing showed that they have a marked manifestation of general fatigue 
and asthenia: 

— detraining of the organism for physical and orthostatic stimuli; 

— the syndrome of residual phenomena of redistribution of blood; 

— statokinetic disorders; 

— decrease in body weight and hypotrophy of muscles of the ex- /290 
tremitles; 

— change in the water-salt exchange with a tendency toward re- 
taining the fluid in the organism* 

— an averaged marked anemic syndrome with manifestation of micro- 
cytosis ; 


— a decrease in immunoreactive capability of the organism, etc. 

Moreover, in the cosmonauts certain peculiarities (differences) 
were noted in the functional and clinical state. Por Instance, in one 
of them in the first hours of days after landing, with statokinetic 
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load, orthostatic and vestibular vegetative changes were predominant 
showing vestibular discomfort; In the other -- dlscoordlnatlon dis- 
orders predominated. 

Following Is the basis for the RM in the first four days of re- 
adaptatlon; 

— strictly regulated regime of motor activity, orthostatic effects 
and constant wearing of the space suits; 

— recovery massage of the muscles including manual massage and 
also morning toning up gymnastics (MTG); 

— short water procedures (warm shower, pool); 

— {rational balanced food, rich in vitamins; 

— relaxation autotraining for 20 minutes before sleeping. 

Besides the subjective state of the cosmonauts, the indices of 
the dynamics of pulse and arterial pressure (AP) when carrying out 
separate procedures and results of CPE were used as the criteria for 
evaluating the effectiveness and adequacy of the RM conducted. 

After conducting the RM listed above for the first two days, the /291 
state of the cosmonauts Improved: dizziness, general weakness and 

phenomena of rapid fatigue decreased. Pulse frequency with light 
orthostatic and physical load (training gymnastics, taking the vertical 
position In bed) decreased in the first from 100 to 92 and In the sec- 
ond from 80 to 72 beats per minute. The AP figures decreased and be- 
came more stable (in the first, from 140/85 to 120/70; in the second, 
from 130/80 to 110/70). Also vestibular and dlscoordlnatlon disorders 
decreased. This made it possible at the end of the second day to de- 
cide on the first measured walk ( 200-300 m) in the inflated space 
suits on the street. Then, the Increase In pulse frequency did not 
exceed 12-20 beats per minute with recovery to Initial values In 5 
minutes. However, at the end of the day, the cosmonauts noted general 
fatigue and weariness. 

The complex PIM conducted In the first 2-3 days results in a sig- 
nificant improvement of the state of the cosmonauts, a decrease in 
the functional and clinical changes apparent postflight. As a whole, 
this state of readaptation actually did not differ from that noted 
after less prolonged SF (one month and more). 

In the later state of readaptation, the time for MTG was Increased 
In comparison with that planned earlier and the duration of massage was 
increased to 60 minutes. Prom the 5-6 days, RM began be done In the 
spare time training routine. The length of walks and water procedures 
was Increased. The physiological reactions and transferability of RM 
were adequate. 
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Prom day 9 of the readaptation period, the state of the cosmonauts 
made it possible to gradually transfer to a training routine for carry- 
ing out the RM, In this period, MTG and physical training began to be 
done in the sports hall; at first the second and then the third peak 
was maintained on the curve of physical load with an increase in pulse 
frequency up to 35-^0 bea^s per minute. Walking with an alterm ting /292 
rate for 9-10 km (in 2-2.5 hours) occupied an increasingly Important 
position in the conduct of recovery measures. A recovery massage which 
Included elements of kneading and rubbing followed. The duration of the 
massage on separate days reached 100 minutes and a frequency of 2-3 
times. Massage after physical exercise has the most favorable effect. 

Moreover, one should note that the character of recovery of dif- 
ferent physiological systems was not uniform either according to the 
qualitative or the rate index. Significant individual peculiarities 
and variations (phase aspect) occurred during the readaptation phe- 
nomena; however, there were not types of unfavorable clinical manifes- 
tations which could force one to change the general direction of the 
RM. Transferability of load, as a rule, was good and the physiological 
reactions were adequate. An increase In pulse frequency while walking 
did not exceed 18-20 beats per minute with subsequent recovery to the 
initial values in 5 minutes. 

On day 12 of the readaptation period, the state of the cosmonauts 
became fairly good. Moreover, they retained signs of asthenia and a 
decrease of orthostatic and physical stability, a decrease in tone 
of the antigravitation muscle^ slight dlscoordlnation disorders. The 
speed and power qualities and physical work capability, the picture 
of peripheral blood were not completely recovered. This required con- 
tinuing the RM at the sanitorlum in a complex using health resort 
facilities . 

On day 16 after landing, the cosmonauts began stage II of RM 
which was carried out for 27 days in midmountain conditions. At the 
sanitorlum, after a 3 day acclimatization to the midmountains, the 
cosmonauts conducted a regulated complex RM whose basis was the broad 
use of health resort facilities. At the end of the stay in the sani- 
torium, the cosmonauts were considerably strengthened, their general 
state and physiological indices did not differ significantly from the /293 
preflip-ht. 

A comparative evaluation of the course of readaptation processes 
and recovery of functions in the cosmonauts after l^lO-day and 96-dn:' SF 
give evidence of a more rapid and qualitatively more complete recovery of 
the functional state of cosmonauts after the l^lO-day flight, which, 
probably is due on the one hand to improved prophylactic measures dur- 
ing flight and on the other in more effective introduction to the re- 
adaptation period. 

Summary. An analysis of the dynamic clinical observations and 
results of SPE showed that the gradual conduct of complex RM was fairly 
effective and as a whole provided, in a comparatively short time period, 
recovery of the functional state of the cosmonauts. 
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More valuable means of recovery In the early stages of the read- 
aptatlon period were the treatment and recovery massage of muscles and 
water procedures conducted on a background of strict regulation of 
motor activity and orthostatic effects. 

Later on, besides those listed, walking acquired particular Im- 
portance for the gradual Increase In Its length, and also therapeutic 
physical exercise and training. 

In the final stage of recovery, the stay of the cosmonauts In the 
midmountains using health resort facilities had a positive effect. 

Measures of autogenic training with effective psychotherapy had 
an Important role at all stages of the recovery period. 

Experience In conducting recovery measures confirmed the necessity 
for strict Individualization of the complex depending on the functional 
and characterologlc peculiarities of the cosmonauts, transferability 
of the procedures (measures) and dynamics of the reada,'tatlon reactions. 
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CONCLUSION 


A fundamental result of flights of the first and second main /295 
crews of the scientific orbital Salyut-6 and Soyuz complex from the 
medical point of view Is that the cosmonauts stayed In orbit for 96 
and 140 days} they retained adequate work capability and successfully 
completed the program laid out for flight which, besides Important 
experiments, was saturated with such complex operations as going out- 
side the spacecraft, joint work with visiting crews, and also 
work involving cargo spacecraft. All of this Is evidence of the fact 
that man can complete not only long-term space flights but also ful- 
fill a variety of Intellectual and physical activity while retaining 
adequate work capability. Moreover, one must note the high interest, 
initiative and industriousness of the drews who not only fulfilled the planned 
program of flights but also used the so-called personal time in a nunA>er 
of cases sometimes limiting the time Slotted for sleep In order to con- 
duct initiated, unplanned studies and observations. 

Plight conditions were characterized by an ordinary two-gas 
medium similar to the parameters of the Earth’s atmosphere, an insig- 
nificant value of rhe radiation effect, the Earth 24-hour cycle of 
work and rest (Table 1). 

The complex of prophylactic means used during flight (Table 2) 
and the work and rest routine used (Table 1) provided maintaining a 
good state of health and adequate work capability of the crew in flight 
and also facilitated leveling off the reactions and making the course 
of readaptation processes easier in the postflight period. /297 

Shifts observed during flight as a whole corresponded to the pre- 
flight prediction, reflected the phase character of adaptation processes, 
had a functional reversible character, and corresponded to effect fac- 
tors a; 1 did not affect the work capability of cosmonauts and the pro- 
grams completed in flight. The readaptation process after a l40-day 
flight occurred, as a whole^'more markedly than after the 96-day flight. 

The period of the first adaptive reactions when transferring to 
weightlessness were apparent in spatial illusions, a feeling of blood con- 
gestion in the head, and in certain cosmonauts vestibular discomfort 
which usually ended after the first 4-7 days of flight. Later on, 
the cosmonauts felt well with a few exceptions (Table 3)« 

M»aiBi 7 »owAw 4 -. of body mass and volume of the crus showed a decrease 
of these indices in flight which involves redistribution of the blood 
and a loss of part of the fluid by the organism and also partial loss 
of muscle mass and other factors (Table 4). 

Studies of the motor apparatus and the system of motor regula- 
tion showed: a tendency toward an increase in the electromyographic 

cost of muscle exertion; changes in the state of the proprioceptor 
sector Inputs and the spinal apparatus reflected in a significant 
increase in sensitivity to the support and muscle input, decrease in 
maximum value of the reflector muscle response and disturbance of the 
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CHARACTERISTICS OP PLICHT CONDITIONS ON THE ORBITAL 
SALYUT-6 AND SOYUZ COMPLEX 

Gas medium and temperature 

- Total pi'essure — 733-8^7 nun mercury column. 

- Partial pressure of O 2 158-229 mm mercury column. 

- Partial pressure CO 2 1.23-74^* mm mercury column. 

- Partial pressure of vapors of H 2 O 7.0-16.4 mm mercury column. 

- Air temperature 19.0-24.5®C. 

Total dose of radiation 

- Por the MC-I, 2. 1-3. 2 bar. 

- Por the MC-II, 2.9-5. 3 bar. 

Food and water supply . 

- Eating four times a day (3100 kcal). 

- Protein — 135 g, fat — 110 g, carbohydrate — 38 O g, calcium 
— 800 mg, potassium — 3.0 g, phosphorous. — 1.7 g, sodium — 
4. 5-5.0 g, magnesium — 0.4 g, iron — 50 mg. 

- Water supply for MC-I — 1.2-1, 4 H, for MC-II — 1.4-1. 7 4 in 
24 hours. 

The routine of work and rest . 

- Time for sleep, 9 hours. 

- Time for physical training, 2,5 hours. 

- Time for food intake, 2 hours and 20 minutes. 

- Time for conducting experiments and other work, 8 hours. 

- Personal time, 2. 0-2. 5 hours. 

- Days off for the MC-I, every 5-6 days, for the MC-II, every 
Saturday and Sunday. 
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TABLE 2 


PROPHYLACTIC MEASURES 

- Exercises and physical training on the bicycle ergometer and 
the treadmill (on the average for 10 days of flight the total train- 
ing time was, for the CC-2, 42-8? min, for the PE-2 — 51-82 min, 
daily) ; 

- Wearing the Penguin load suits (12-16 hours out of 24) j 

- Training with application of negative pressure on the lower 
part of the body (at the end of flight, according to a special system) 

- The use of water-salt additive (on the day of completion of 
flight); 

- The use postflight of prophylactic antiload suits; 

- Psychological support and organization of rest time (radio con- 
versations with interesting people, families, musical accompaniment to 
radio broadcasts, etc.). 


TABLE 3 

GENERAL STATE OF THE COSMONAUTS 
1. In Plight 

- The development of feelings of blood rushing to the head, stuf- 
finess of the nose and edema of the face tissue (in all 12 cosmonauts) 

- The appearance of short term spatial illusions. 

- The appearance in certain cosmonauts of a feeling of vestibular 

discomfort, increased when moving the head and trunk. 

- Poor health, qualified as a cold in one of the MC-I cosmonauts. 

- The appearance in the CC-I of headaches and in the FE-I of un- 
favorable feeling in the region of the heart in the third month of 
fligli’ briefly which Involved lack of sleep. 

- Pain in the teeth which occurred in the MC-I. 

- In the CC-II, the development of paronychia in the middle 
finger of the left hand. 

- In the FE-II otitis of the middle ear was established retro- 
spectively on day 112 of th^ flight. 



- A bruise on the left ankle joint in the CC-II and cne 
phalanx of the thumb of the right hand in the PE-II when working out 
on the bicycle ergometer. 

- A selected decrease In appetite in the PE-II for certain foods. 

- Difficulty in sleeping in the CC-II, particularly in the first 
1.5 months of fli^t. 

- Late wakening in the FE-II. 

2. Postflii.'dit 

- Complaints of weakness, fatigue, a seeming increase in body 
wel^t and weight of the surrounding objects. 

- A distressing feeling of shifting of the organisms In the dlrec* 
tlon of the gravitation vector. 

- A feeling of vestibular disccmrort during evacuation from the 
landing area during sharp motions of the head (in two cosmonauts). 

- Paleness of the skin. ^ 

- Limitation of the locomotor function. 


- Decrease in orthostatic stability. 


CHANGES IN BODY MASS AND VOLUME OP THE CRUS IN THE MC-II IN-PLIGHT 
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extremity reflector interactions; disturbance in activity of the /297 

posture and locomotor regulation systems. 

The intensity and duration of shifts in the state of different 
members did not correlate with each other which made it possible to 
conclude tnat there was an absence of interconnection in their ori- 
gin and different mechanisms for their development. The least ex- /302 
pressed and shorcest were changes in the muscle length, and the larg- 
est shifts were noted in the system of regulation of whole coordina- 
tion acts . 

Studies of the vcstloular function and the function of perceiv- 
ing spatial coorr .r ^ates showed in the MC-I and MC-II a number of 
principal changet nvolving the following: signs of perturbation of 

of the otolithic orgar.;, a decrease in sensitivity of the cupulary 
apparatus; asymmetr-y of the majority of indices studied; development 
of illusory reactions in flight. Individual reactions were apparent 
to a different degree in the expression of changes and in different 
time periods for their recovery, development of vestibular vegative 
symptom complexes in the period of initial adaptation to weightless- 
ness and the appearance of signs of a decrease in the vestibular and 
vegetative stability postflight, and also changes in the reciprocal 
ratio between the otolithic organ and the semicircular canals. As 
the origin of the changes described of the vestibular function, 
probably, the most important are such factors as disturbance of the 
functional system capability in operation of the analyzers, hemoglobin 
spinal flulu dynamic shifts, etc. 

Study of the cardiovascular system in-flight at rest (Table 5 ) 
showed a tendency toward' an Increase in frequency of cardiac contrac- 
tions and a decrease at certain flight stages of all or several in- 
dices of arterial pressure. Blood filling and pressure in the Jugu- 
lar veins Increased, expandability of the veins of the crus Increased. 

Also a restructuring was noted of the phase structure of the cardiac 
cycle in the form of shortening the phase of isometric contraction 
and weakening, lengthening of the period of ejection, shortening of 
the total diastole and diastasis. Increase (only in the CC-II) of 
relative absolute values of rapid filling. These changes Indicated /305 
an increase in power and effectiveness of cardiac contractions and 
an Increase in the role of the suction function of the heart (active 
diastole) in hemodynamics as a result of the decrease in pressure 
gradient in the venous system. 

The indices of the central and regional hemodynamics were charac- 
terized by tendencies toward an Increase in minute volume of blood 
circulation, an Increase in the indices of pulse and minute blood 
filling of the head (which were retained for tha entire 96 -day flight 
and leveled off at the end the l40-day flight) and a decrease in 
blood filling of crus. 

Bioelectrical activity of the myodardlum in flight changed In- 
significantly but postflight one noted a decrease in the Integral 
vector of depolarization. 
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Arterial pressure in a number of cases at cer- An Increase in tone of the vagus and ln~ 
tain stages have a tendency toward decrease of volvement of tension reflexes with recep- 
all or certain indices tors of the pumonary vessels. 
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dency to exceed the preflight values for the 
entire extent of the flight; 
indices of pulse and minute blood filling of 
the head were increased and only decreased at 
end of the l40-day flight. 
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Echocardiographic examination showed postflight in both crews a /305 
decrease in the final diastolic volume of the left ventricle and 
stroke ejection, an increase in diameter of the left auricle. These 
changes were reversible and more rapidly recovered in the MC-II, (in 
the period of a week). 

A test with measured physical load (750 kgm/min for a period of 
5 min) caused, in flight in both crews (MC-I and MC-II) more pronounc- 
ed reactions of cardiohemodynamics than preflight. This was apparent 
in a large increase in the frequency of cardiac contractions (parti- 
cularly in the 96-day flight), more marked changes in the_ phase struc- 
ture of the cardiac cycle and arterial pressure, an increase In the 
role of the chronotropic function of the heart information of* cardiac 
ejection. 

To a more marked degree^ the Increase in reaction of the cardio- 
vascular system to the test as a whole was detected in the MC-I and more /306 
significant shifcs in the indices of blood circulation in flight 
tests was noted in the FE-I. The indicated changes were considered 
as signs of detraining of the organism caused by lack of load on its 
main systems. The relative decrease in work capability had individual 
peculiarities. It was greater in the MC-I in tests during the first 
month of flight and in the FE-I practically for the entire extent of 
the expedition, which apparently, is explained by the small volume of 
physical exercise of this cosmonaut. In the MC-II, the reactivity of the 
circulatory system did not change did not change significantly; how- 
ever, signs of detraining were apparent. 

Postflight a test with measured physical load was conducted on 
day 7 (one stage 600 kgm for 3 minutes) and showed changes in regula- 
tion of the cardiorespiratory system. Then, in the MC-I the frequency 
of cardiac contractions and the systolic arterial pressure increased 
during the test in comparison with the preflight data. The product of 
these indices (the so-called cardiac load index according to I. K. 
Shkhvatsabaya) Increased in the commander by 10^ and in the flight 
engineer by 28%. This Increase in cardiac activity provided an adequate 
demand for oxygen only in the commander and in the flight engineer was 
11% lower than the pre flight which, obviously, expressed detraining 
for physical load. In the MC-II, one noted an increase in the direct- 
ivity of cardiac activity even at rest: the cardiac load index ex- 
ceeded the preflight values in the CC-II by in the FE-II — by 

75^. However, the reaction Itself to physical load taking into account 
the initial level, changed to a lesser degree: the cardiac load index 

increased during the test in the CC-II by 20%, and in the FE-II by 
3^% in comparison with its preflight value. Although the Intensity 
of cardiac activity was Increased, it provided an adequate demand for 
oxygen and consequently, reflected primarily a change in regulation /307 
of the cardiorespiratory system. After five weeks of readaptation, 
reaction to physical load was fully recovered. 

One can assume that the main factors causing a decrease in trans- 
ferability of the tests with physical load is the development of a 


general detraining in the organism as a result of Inadequate load on 
the muscle system in flight and also difficulty postflight in venous 
return. 

The functional test with application of negative pressure on the 
lower part of the body (LBNP ) caused a reaction similar, as' a whole/ to 
the" preflight (increase in frequency of cardiac contractions, increase 
in diastolic and decrease in systolic arterial pressure, development of 
a phase syndrome of functional hypodynamia of the myocardium, decrease 
in indices of cardiac^ejection and pulse blood filling of the vessels 
of the brain). However, an increase in frequency of cardiac contrac- 
tions in most cases in-flight was more marked, with a weakly expressed 
tendency toward its increase in certain cosmonauts depending on'' dura- 
tion of the flight. As a whole, the expression of change when carry- 
ing out tests with LBNP in the MC-II was smaller than in the MC-I. 

In the postflight period, a study was made of the reaction of the 
organism to orthostatic and anti-orthostatic effects according to the 
following system: horizontal position — 30 minutes, 70° — 10 min- 

utes, horizontal position — 6 minutes, -15° — 6 minutes, -30° — 6 
minutes. In all cosmonauts, a decrease in orthostatic stability was 
apparent (Figure 11) in a larger than preflight Increase in frequency 
of cardiac contractions, shortening of the ejection period, a decrease 
in stroke and cardiac index. A decrease In orthostatic stability in 
the MC-II was more persistent (7 weeks) than in the MC-I (3 weeks). At- 
tention should be given to the peculiarity of orthostatic reactions /308 
after these flights. After the 96-day flight, after 3 and 5 weeks 
hypertension reactions were observed and after the 1^0-day flight the 
opposite tendency was noted. This can be reevaluated as a sign of a 
more persistent suppression of the antigravltatlonal function of the 
system of blood circulation in the longer flight. 

An Increase in expression of reactions in the LBNP test in flight ^an 
be- due to ' the larger, than on Earth, shift in the blood to organs of 
the abdominal cavity and lower extremities when creating a stimulus 
resulting in a decrease in activity of the receptors of the cardiac- 
pulmonary region and an increase in activity of the vasomotor center 
with an Increase in adrenergic effects. Other factors which decrease 
transferability of the tests with LBNP and ortho-tests are: an in- 

crease in expandability of the veins of the lower extremities, a de- 
crease in the quantity of circulated blood, a decrease in the content 
of Intertissue fluid, a decrease in vascular and muscle tone, a de- 
crease in catecholamine exchange, a decrease postflight in venous re- 
turn and others . 

After the flights, all of the cosmonauts endured anti-orthostatic 
load better subjectively, noting a decrease in its "load" by approxi- 
mately 15°. According to integral evaluation, based on the values of 
the cardiac cycle, arterial pressure and tone of the main arteries, 
the anti-orthos tatlc stability Increased in all the cosmonauts and 
gradually over u weeks of observation returned to its initial level. 

Thus, in long-term flights, the system of blood circulation adapts 
to weightlessness which is apparent in the increase in capability of 
counteracting redistribution of blood in the cranial direction. The 
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expression of adaptive changes depends on the individual plasticity /309 
of the blood circulation system and their persistence on duration of 
the flight. 

A study of the character and direction of exchange processes in 
the cosmonauts made in the l^lO-day space flight showed the presence 
only of Insignificant restructuring of the main processes of metabolism, 
the physiologically based necessity for maintaining homeostasis in un- 
usual conditions of space flight. No signs of marked disturbances in 
exchange of substances has been established. In the first days after 
landing a tendency was clearly noted toward a change in the ratio of 
the main paths of the metabolism expressed in predominant use ener- 
getically of more convenient oxidation conversions of fats. This 
conclusion, and also the data on which it is based do not coincide 
with results obtained during biochemical studies of the cosmonauts 
after completion of the 96-day space flight. One should note that 
changes in the processes of metabolism in the cosmonauts after complet- 
ing the 1^0-day space flight were less pronounced than in cosmonauts 
who had completed the 96-day space flight. 

The different results obtained immediately after landing of the 
96 -day and l40-day flights are not random. They can be explained by 
the phase character of processes of adaptation of the organism to the 
conditions of space flight. Obviously, the moment of completion of 
the 96 -day and l40-day flights occurs at different stages of this adap- 
tation. In spite of this, the character and course of readaptation 
processes, according to the data of biochemical studies were similar 
in crew members of the two long-term space expeditions. Almost com- 
plete normalization of metabolic homeostasis was noted by the 25 th day 
(2 main expeditions) and on the 32 nd day (first main expedition) after 
completion of the space flight. 

Studies of water-salt exchange and kidney functions showed im- / 31 O 
mediately after landing a decrease in excretion by the kidneys of 
fluid in three cosmonauts (except for +-.he CC-II who in the final stage 
of flight did not take the water-salt additive) on a background of 
Increase of water demand, a decrease in the rate of excretion of 
sodium. On the day of landing, the rate of excretion of potassium 
also decreased and here the absolute values of generation of potas- 
sium increased and were higher than its Intake into the organism. 

The negative balance of potassium, probably, is due to a decreased 
cellular mass and cannot be compensated for by increasing its Intake. 

In the MC-I, postflight, excretion of potassium increased both in the 
dally urine and after a water load. After the l^JO-day flight, in both 
cosmonauts, to a larger degree in the PE-II, during the test with cal- 
cium lactate, its rate of excretion also was significantly higher than 
the initial. The concentrations of ions in the blood serum hardly 
differed from the preflight level except for an increase in the ionized 
fraction of calcium. During clinical analysis of the urine samples 
collected during flight, no pathological changes were apparent. The 
changes noted in mineral exchange probably as a whole were caused not 
by a disturbance in activity of the kidneys but were the result of 
peculiarities of the hormonal regulation during a long term stay of 
man in weightlessness conditions and after transition to Earth's 
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gravitation. It was also established that with an increase in the 
duration of the flight up to 140-days, the value of hypohydration 
does not increase. 

Hematologic studies showed after the flights in both crews a de- 
crease in the total mass of hemoglobin (in the MC-I by 24?, in the 
MC-II — by 15-17?), a decrease in the quantity of erythrocytes (a 
more marked decrease was observed in the MC-II not immediately but 
some time after completion of the flight; in the CC-II on the 

20th day, and in the PE-II on the 34th day) and the content of hemo- /311 
globin. After the 96-day flight, changes were apparent in the value 
and shape of erythrocytes (anlso- and polkllocytosis ) which amounted 
to 15-20? of the normal shapes. The primary decrease in the number 
of reticulocytes shifted toward further pronounced reticulocytosis . 
However, recovery of the red blood occurred slowly (particularly in 
the MC-II) which, apparently indicated slowing down of maturity of 
the young forms of erythrocytes in the bone marrow. 

A study of kinetics of erythrocytes showed prolongation of time 
periods for their circulation in flight and contraction of the dura- 
tion of their life Just a month after landing; this Indicates re- 
structuring of erythropoiesis in weightlessness. On the first days 
after landing, in the MC-II, also a decrease in the indices of energy 
exchange was apparent in the erythrocytes: the content of ATP de- 

creased by 25-43?, and the intensity of glycolysis — by 38-42?, the 
content of glutathione — by 2 times. It is possible that the de- 
crease of energy exchange Involves the formation of new forms of 
erythrocytes in conditions of weightlessness with long duration of 
life and low leve], of exchange. 

The volume of intracellular fluid in both crew members decreased 
and this decrease was mpre pronounced after the l40-day flight and 
amounted in the CC-II to* l4?, in the PE-II to 8.2?. 

Immunologic studies after a l40-day flight showed significant 
changes in the content of the thymus dependent lymphocytes (a decrease 
in the level of the total population of T-lymphocytes on a background 
of an Increase of "active" T-cells) and a sharp drop in functional 
activity of the T-lymphocytes. 

In the flight engineer, r'disgammaglobulonemia was noted ( a sig- 
nificant drop of the content 1 SH and an average decrease in lA in 
the blood). In one of the cosmonauts, the appearance postflight of /312 
hypersensitivity of a slow type to bacterial allergens (staphylococcus 
and streptococcus) was established. When setting up allergologlc 
tests in the postflight period, in a number of allergens of chemical 
origin, in both cosmonauts one notes the presence of sensitivity to 
formaldehyde (a positive reaction to agglomeration) confirmed in one 
of them also by the appearance of the corresponding lymphokines 
(positive reaction of MIP with formaldehyde, ++). Thus, after the 
l40-day flight, a number of shifts are apparent which Indicate a 
change in the immunologic reactivity like that observed earlier after 
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30-day and 63-day space flights. Moreover, after the 96-day flight 
these changes were less pronounced. Because of this, one can assume 
that the process of adaptation of the immunocomponent system to con- 
ditions of space flight occurs in phases and after the primary adap- 
tation for 2-3 months, later on secondary shifts occur. However, this 
supposition requires additional study in long-term space flights. 

Microbiological studies indicated that in the MC-II, in distinc- 
tion from MC-I, when carrying out a study of microflora of the respira- 
tory tracts and skin during flight, there were no unfavorable changes 
established. In other words, a direct relationship between the 
markedness of the shifts in a state of automlcroflora of the skin of 
cosmonauts and long-term flight has not been apparent. Obviously, 
the factor that individual peculiarities peculiar to the cosmonaut 
in microbiological status is the basic factor here as well as the 
markedness of adaptation reactions to conditions of space flight, the 
volume and character of methods used for personal hygiene, measures 
for maintaining sanitation and hygienic routines. In spite of the /313 
longer flight, the cosmonauts in the second expedition had no dis- 
turbance in the aerobic flora of the intestine whereas in the MC-I 
changes were recorded in the state of the intestinal microflora with 
the development of protein disbacteriosis. It is proposed that for 
normalization of microflora of the intestine, the use by the cosmo- 
nauts, in the second main expedltlor^ of the drug Blfldumbacterin and a 
vitamln-amlno-acid additive played a positive role. 

In conclusion one can point out that the changes observed after 
the completion of the l'!0-day space flight in the organism of the cos- 
monauts showed reactioiB characteristic for the readaptation period 
and, as a whole, were somewhat less pronounced than after a 96-day 
flight . 

Clinical and special studies conducted in the first hours and 
days after completion of the flight showed the following changes; 

— general fatigue and asthenia of the organlsri apparent In rapid 
physical and psychological fatigue, an increased irritability 
emotional lability, sleep disturbances (in the commander) and a marked 
general physical vieakness (in the flight engineer); 

— detraining of the organism to orthostatic and physical effects; 

— a/’toreffects from redistribution of blood in the upper half 
of the body; 

— statokinetic disorders; 

— hypotrophy of the muscles of the lower extremities and a loss /314 
of body weight; 

— an average anemic syndrome apparent; 

— change in the water-salt exchange with a tendency toward re- 
taining fluid in the organism; 
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— a decrease in Immunologic reactivity. 

Methods of functional effect were Included as the basis for the 
complex of recovery measures; among these the following are the most 
Important: regulation of motor activity; treatment-recovery massage 

of the muscles; therapeutic physical exercises and measured walkln^’ 
water procedure; measures for psychoemotlonal effects. The effect- 
iveness of the measures taken was evaluated by subjective perceptions, 
the dynamics of pulse and arterial pressure when carrying out pro- 
cedures and according to the results of clinical and physical ex- 
aminations . 


After the 1^0-day flight, the recovery measures were carried out 
in two stages: the first stage (2 weeks) in the cosmodrome and the 

second stage (4 weeks) in mountains of average altitude (Northern 
Caucusus) . 


One should note that the studies made during and after flight 
did not show changes in general health which would prevent a further 
planned increase in duration of space flights. 
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